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PREFACE 



As the Nation takes steps to develop alternative energy 
sources, it is important to recognize the possible barriers to 
the development and use of these sources, Gse of the barriers 
may be a shorta^^ of technical and skilled ^wrkers, reflecting 
a National shortage in specific occupations, an industry short^ 
age of personnel trained in the particular skills of that in- 
dustry, or geogr.*»]p?Aic regional and local problems. By providing 
information on estimated future personnel requirements, a basis 
is established for initiating or deferring prograsns or actions 
affecting the supply of trained workers. 

Toward providing information on future manpows needs, 
the Department of Energy, through the Manpower Assessment Pro- 
gram, is supporting a number of studies dealing with cttrrent 
and projected employment and occupational composit±on of the 
work force which will be needed for the development of new and 
emerging energy technologies. 

We wish tc acknowledge the assistance md support of 
others in the conduct of this sttidy: Arthur W. Salrman, 
consultant to the Department of Energy; Sheldon H. Butt, 
President, Solar Energy Industries Association; and^ particu- 
larly, the organizations and individuals who responded to the 
lengthy and detailed survey questionnaires and provided the 
basic dot a for this study. 

Norman Seltzer, Chief 
Manpower Assessment Program 
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SdL^ ENERGY EHPLdYKE^TT iND 
BEQlJHaMSifS, 1978 - 1985 



SUMMARY ASP HIGHLIGHIS 



This study describes the characteristics of establishments 
engaged in solar energy work and the nuinber and occupational distribution 
of persons working in solar energy activities in 1978. The study also 
projects future solar manpower requirements through 1983. The scope of 
the study included all types of solar energy technologies and applica- 
tions (space heating and cooling, water heating, industrial process heat^ 
thermal power, ocean therrnal conversion, photovoltaic conversion, wind 
conversion and biomass conversion)* and all phases of work (research and 
development, manufacturing, marketing and distribution, and installation 
and maintenance). 

The data for the study were collected by a mail survey of 
ei^loyers engaged in solar energy activities. Questionnaires were sent 
to over 2800 establishments. Over 50 percent of those contacted 
responded. Detailed information was provided by 563 employers engaged in 
solar energy work. These employers reported the type of organization, 
industrial classification of their establishment, principal solar products 
and services, types of solar energy technologies involved, total 
employment and solar employment, occupations of those working in solar, 
number of additional solar jobs Mticipated, new solar job specialities, 
sources of solar funding, and anticipated future commercial solar sales. 

The survey responses, undeliverable mail and follow-up telephone 
calls indicated that there is frequent entry and exit of firms in this 
infant industry. It is estimated that approximately 2000 establishments 
(both public and private) were engaged in solar energy activities in 1978. 
Approximately three out of every four of these establishments were 
primarily working in solar space and water heating. Most establishments. 
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however, were involved in many different types of solar energy and in 

many different phases of solar work. Over 60 percent of the respondent 

establishments categorized themselves as private itxdustry or business- 

The states with the most solar establishments were California (16 percent 

of the total) J New York (8 percent), Massachusetts O percent), Colorado 

(4 percent), and Teacas (4 percent). 

Approximately 31 percent of the respondent establishments were 

involved in the manufacture of solar collectors or other solar products. 

About 23 percent provided research and development services, and 18 

percent provided architectural and engineering services. Twelve percent 

of the respondent establishments were engaged in installation and 16 

percent provided other solar-related services. 

The establishments engaged in solar work tended to be small in 

size. Forty percent had 10 or fewer employees. Only 20 percent had over 

400 employees. These larger establishments, however, employed 40 percent 

of all persons working in solar. The percentage of employees engaged in 

solar work varied inversely with the size of the establishment. That is, 

establishments with 20 or fewer employees load over 80 percent of their 

employees engaged in solar work. In contrast, establishments with more 

than 400 employees had less than 1 percent of their employees engaged in 

solar work. 

Establishment size was also related to the type of solar work 
performed. Installation, architectural and engineering services, and 
miscellaneous services were performed mainly by small organizations, 
whereas R&D work was performed mainly by large organizations. Manufactur- 
ing work was performed by both large and small establishments. Approxi- 
mately 75 percent of the solar work of large establishments was in R&D. 

The total estimated nimber of persons working in solar in 1978 
was 22,500. This figure represents all employees, both full and part- 
time. This figure was broken down by occupation and activity. Engineers 
comprised the largest occupational group ^ong persons engaged in R&D 
activities. Unskilled workers made up the largest occupational group in 
commercial activities, and skilled workers made up the largest occupational 
group in installation. Engineers comprised the largest occupational 
group overall. The number of persons working in solar R&D was slightly 
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greater than the number working ii solar co^ercial iistaiiation 
activities. Sixty-five percent of all persons were employed in 
establishments primarily engaged in solar space and water heating. 

Employers were asked to estimate the number of additional solar 
jobs which their establishment would add by 1981* The anticipated gain 
in solar employment was estimated to be 90 percent. The largest gains 
were anticipated for skilled workers and technicians in the fields of 
manufacturing and construction. 

The most difficult to hire solar occupations included engineers, 
atmospheric scientists, systems researchers, and college instructors. The 
least difficult to hire solar occupations were clerical, skilled and 
unskilled workers. 

One of the objectives of the study was to identify new job 
specialities in the solar area. Only one out of every four employers 
thought their professional, technical or skilled craft employees performed 
tasks that were substantially different from those traditionally performed 
in nonsolar jobs. Where new skills were identified, special solar design, 
analysis and installation skills were most frequently mentioned by employers. 
Thus, there appears to be some need for persons trained in the design and 
analysis of new solar systems, and for persons trained in installing these 
systems. However, these employees must be capable of performing tradi- 
tional as well as purely solar work. 

A methodology for projecting short and mid-term future employ- 
ment was developed. The methodology is based on data provided by employers 
and employees, on projected Federal R&D funding, and on solar energy 
penetration models. The methodology was constrained by the unwillingr<ess 
of employers to provide financial data on R&D funding or commercial 
solar sales. The lack of actual dollar figures required the use of 
certain assumptions about R&D productivity. Also, labor coefficients for 
production and installation of solar systems had to be estimated from 
sources other than the survey responses. 

Using the methodology that was developed, solar employment in 
R&D activities is projected to increase from 1978 levels by 74 percent by 
1981 and by 144 percent by 1983. Commercial solar employment (for those 
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technologies which are currently commercialized) is projected to increase 
from 1978 levels by 137 percent by 1981 and by 203 percent by 1983. Overall 
the ntiiber of persons engaged in solar energy work is projected to double 
by 1981, and nearly triple by 1983. 

A mail survey of nearly 500 employees working in solar energy 
was also conducted by sampling enq)loyees within the respondent establishments. 
Employees were asked to describe their solai work, the number of hours worked, 
their education and training, and special skills needed in their job- 

The nt^ber of hours worked in solar and nonsolar activities are 
ii^ortait indicators of manpower utiiizatioS. About half of the persons 
working in the field were only working part-time in solar-related work. Thus, 
the existing manpower pool was underutilized. The average bumber of hours 
spent ii solar-related work activities during the week of June 11-17, 
1978, (an arbitrarily chosen period) was approximately 30 hours. The percent- 
age of time spent on solar-related work was high for ianufacturing employees 
and low for employees engaged in installation and maintenance activities. 

Nearly 90 percent of the respondent employees felt that their 
job required special skills and knowledge. The primary source of these 
special skills was formal training (44 percent of respondents) , practical 
experience (41 percent), and self-study (15 percent). A majority of the 
employees had not completed any formal trailing programs or courses in 
solar energy. This was true of persons working in R&D as well as persons 
working in installation and maintenance. Nearly 60 percent of the formal 
solar energy courses taken were provided by colleges and universities. The 
average duration was between 20 aSd 40 hours. Most employees felt that they 
needed more education and training for their work in solar, but not 
necessarily restricted to solar areas. 

Five reco^endations are presented. Periodic surveys of establish- 
ments engaged in solar energy activities should be conducted to determine 
eiployment and occupational trends. Solar energy employees should be 
identified in national occupational surveys to provide a more exact determina- 
tion of the number and characteristics of persons eS^aied in solar energy 
work. Information concerning the supply of solar energy manpower should be 
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requirements for the production and installation of different types of 
conmerciaily available solar energy syst^s should be obtained to a&sist 
in manpower projections. Finally, improved regional and state projections 
of future solar emplo^ent should be developed to assist regional » state, 
and local agencies in their planning activities. 
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Interest in solar energy applications has a history of peaks and 
valleys in the United States. Recently, of course, interest has acceler- 
ated to the point where the national effort in sclar energy research and 
development probably exceeds one billion dollars a year. It is expected 
to reach several billion dollars soon when solar devices are more widely 
marketed. 

The growing emphasis on solar energy applications implies future 
demands for a variety of m^power skills and capabilities, including 
research and development skills, analysis and design skills, manufactur- 
ing skills, and installation and maintenance skills. Many of these skills 
and capabilities may be available in adequate numbers through normal 
reallocation of manpower resulting from private sector market forces 
(^•g*> job openings, differential wage rates, and investment decisions). 
On the other hand, adequate availability of some skills may require 
considerable advanced planning and public sector support, particularly 
where rapid development and implementation of new technologies is expected. 
Information about needed skills and capabilities, provided through 
manpower surveys and forecasting, aids in the formulation of gove.mment 
policy, and can be used in making policy decisions regarding R&D contracts, 
educational support, manpower training, and other programs. Manpower 
surveys and forecasting are especially important when anticipated man- 
power shortages or surpluses could act as a constraint on Federal policies 
or programs. 

With regard to solar energy manpower, the concern is two-fold. 
First, the development and application of solar energy may create 
additional employment opportunities. This could be particularly true if 
the installation of solar space and water heating systems in homes and 
businesses were more labor intensive than conventional systems. However, 
the additional employment opportunities may require new skills or a 
different mix of skills than is currently possessed by the workforce. 
Second, a lack of adequately trained manpower could constrain the 
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development and acceptance of solar energy as en alternative energy 
source • For example, improperly installed and maintained solar units 
could lead to public reluctance to acquire such units^ 

OBJECTIVES 

The basic purposes of this study were (a) to provide a descrip- 
tion of the present status of the solar energy area in terms of manpower, 
and (b) to develop and apply a methodology for projecting manpower 
requirements in solar energy. 

Encompassed within these two overall purposes are the following 
objectives: 

• Identification and description of employers 
(private and public) engaged in solar and solar- 
related activities 

• Collection of employment data by occupation 

• Dafinition of new occupational specialties 
and changes in traditional occupations 

• Analysis of the education and experience of 
those employed in solar and solar-related areas 

• Projection of short-term and mid-term solar 
employment by occupation, and a development of a 
methodology for formulating future projections. 
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SCOPE 



The objectives required data concerning botl* employers and 
employees engaged in solar-related activities. All types of emplcvers (e.g., 
manufacturers, installers, R&D organizations, public utilities, etmca- 
tional institutions, etc.) were included. The study focused on professional, 
technical, and skilled craft occupations. 

The following ^-ypes of solar energy were included in the study: 

• Space heati n g and coolings The transmission and 
storage of solar thermal energy using solar 
collectors, some transmission medium, and storage 
facilities. Includes passive and active resi- 
dential or commercial solar heating or cooling 

of human, plant or animal shelters. 

• Solar water hea^ng: The transmission and storage 
of solar thermal energy using solar collectors, 
heat exchangers, and some transmission medium. 
Includes passive and active residential or 
commercial solar water heating and swimming pool 
heating. 

• Industrial ^^cess heat: The transmission of 
solar thermal energy for various industrial 
applications using solar collectors and some 
transmission medium. Includes crop dryers. 

• Thermal powers The use of concentrating solar 
collectors, heat absorbers, boilers, and heat 
exchangers, etc., to generate electricity. 
Includes irrigation systems. 

• Ocean thermal conversion: The generation of 
electricity by use of the temperature difference 
between surface and deep water. 
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• Pho£oyoltaic conversion: The generation of electri- 
city by allowing sunlight to fall upon two dissimilar 
substances in what is commonly called a solar cell* 

• Wind conversion; The generation of energy through 
the use of machines consisting of revolving blades 
or airfoils. 

• Biomass conversion; The cultivation and chemical 
processing (via fermentation, pyrolysis, or 
combustion) of terrestrial or aquatic plants for 
the purpose of creating direct energy, fuels, or 
chemical feedstocks. 

The study encompassed the following phases of solar and solar- 
related energy work: 

• Research-atid Development : Theoretical or 
experimental investigations directed toward the 
acquisition of new or fuller scientific knowledge 
of the subject studied, or systematic application 
of scientific knowledge directed toward the 
creation of new or substantially improved 
equipmsnt, processes, procedures, and techniques 
in any area of solar energy; or prototype design 
and engineering of solar energy hardware compon- 
ents and/or systems. 

0 Manufacturing : The mechanical or chemical 
transformation of materials into components 
designed specifically for application in a solar 
energy system; also, the assembly of solar 
components and other materials into solar energy 
systems. 
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Marketing and Distribtttloni The process of estimating 
the demand for a product, promoting the product, 
transporting the product and selling the product. 

Installation— and Maintenance; Specialized 
activities, such as plumbing, electrical wiring, 
metal and glass working, etc., required to 
emplace or prepare solar energy components and/or 
systems for actual operation; also, specialized repair 
services required to locate or correct failures in 
components and/or solar energy systesm. 

Other Commercial Activities; Gustomer design, 
product testing and quality control, engineering 
and consulting services to licensees.^ experimental 
work needed for patent litigation, etc. 
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RESEARCH APPROACH 

To meet the objectives of the study, the research effort was 
structured into five tasks: (a) developing the survey questionnaires, 
(b) pretesting and revising the questionnaires, (c) developing the 
universe list, (d) selecting the sample, and (e) conducting the survey. 
Each of these tasks is described below. 

^Developing the Questionnaires 

One questionnaire and a screening form were developed for estab- 
lishments involved in any type or phase of solar energy work. A second 
questionnaire was developed for professional, technical and skilled 
workers, who were engaged in solar energy activities, and who were 
employed by the establishments. 

The purpose of the employer questionna^e was to collect detailed 
information on the following: 

• Type of organization 

• Industrial classification 

• Types of solar energy that organization was 
involved in 

• Principal solar products and services 

• Total employment and solar employment 

• Solar employment by occupation 

• Number of additional solar jobs 

• New solar job specialties 

• Sources of solar funding 

• Anticipated percentage change in future 
commercial solar sales. 
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The primary purpose of the screening form was to determine if 
an estabiislment was engaged in solar energy activities ^ and if so, to 
determine the type of solar energy, the number of employees and the 
establishment's willingness respcSd to the more detailed establishment 
questionnaire. Basicaliy zr ss^e screening form was also used as a 
follow-up to nonrespondent ' ^siimesits. 

The purpose of th yee form was to collect information on 

the following: 

• Age and sex 

• Years employed in solar work 

• Previous and current occupation 

• Hours worked per week in solar and nonsolar activities 

• Type and phase of solar work 

• Highest level of forrial education 

• Major field of study 

• Special solar related skills or knowledge required 
in the job 

• Formal training or education in solar energy 

• Certification or licensing 

• Relation of work to education and training 

• Additional education and training needed. 

Drafts of the questionnaires were prepSed by Battelle and 
reviewed with Departmmt of Energy personnel. Each questionnaire went 
through several revisions as information needs were refined. 

Pretesting and Revising the Questionnaires 

After the draft questionnaires were prepared, a pretest was 
undertaken. The pretest was aimed at verifying such factors as the 
following: 

• That the instructions for completing the questionnaires 
were clear 

• That the questions were understood by the respondent 
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• That the information or data were available 

• That response cat^^es were compiete* mutually exclusive 
and unambiguous '. 

• ^hat the time and effort required to complete the 
questionnaires were not excessive. 

The pretest was conducted with nine solar energy establishments 
and nine employees ^gaged in solar related work. The establishments 
represented a wide range of size and type of organization. The establish- 
ments included lar^ Manufacturers , small manufacturers, siall architectural 
and engineering firms, educational Institutions, and R&D organizations. One 
employee in each establishment answered the employee questionnaire. 

Personal interviews were conducted with each respondent following 
completion of the questionnaire. The respondent was questioned concerning 
any problems or difficulties experienced in coipleting the form. The 
comments did indicate the need for some additional clarifications and 
definitions. 

The establishment respondents indicated that information con- 
cerning sales dollars was generally considered proprietary and would not 
be famished. This finding required modification of the projection 
laethodology, as well as the employer questionnaire. 

Following a review of the pretest results and comments, the 
questionnaires were revised as appropriate. The final questionnaires and 
the screendig form are included in Appendix A, together with the cover 
letters which were used. 

Developing the Universe List 

The universe listing of establishments was cooqjlled from a number 
of sources. The primary sources are listsd below. 

• Battelle-Columbus, List of ^Establishments Funded bv 
ERDA" 1977. 

• Battelle-Columbus, List of "federally Fimded Research and 
Development Centers" 1977. 

• "Deskbook Directory of Solar Pxoduct Manufacturers" 
Solar Engineeriag , December 1977. 
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• "Education Directory^ 1975-76, Colleges and Universities" 
Podolsky, A- and Smith, C.R** National Center for Education 
Statistics, U*S, Goyemment Printing Office, Washington, 
D.C., 1976. - Used for addresses only. 

• ERDA^ List of "Active Prime Contracts in the Solar Energy 
Program" 1977- 

• rEA, List of "Federal Energy Administration Contract 
Activities" 1977. 

• "New Products", McPhillips, , Solar Age , February, 1978, 
42-43. 

• "Informal Directory of the Organizations and People 
Involved in the Solar Heating of Buildings", 3rd Edition, 
Shurcliff, W.A. , Cambridge, Mass., June, 1977. 

• "Solar Age Catalog" Solar Vision, Inc., Port Jervis, 
N.Y., 1977. 

• "Solar Collector_Manufactur±ng Activity, July through 
December 1976" Federal Energy Administration, Washington, 
D.C., April, 1977. 

• "Solar Directory" Ann Arbor Science Publishers, Inc., 
Ann Arbor, Michigan, 1975. 

• "Solar Energy Directory" Centerline Corporation, 
Phoenix, Arizona, 1976. 

• "Solar Industry index" Solar Energy Industries 
Association, Washington, D.C., 1977. 

Federally funded conrract research centers were included, as 
well as R&D laboratories of Federal agencies. Other federal government 
agencies were omitted, but state and local government agencies were 
included. 

The sources did not always provide information concerniig the 
type of organization (manufacturer, installer, R&D laboratory, etc.), size 
of organization, nor the type of solar energy involved. Such information 
would have ^^^wi desirable as a basis for stratification. The list was 
stratified by Standard Federal Region (see FigxSe 1), by state within 
region, and then alphabetically by establishment name within each state. 

The universe list was carefully scanned to remove duplicate 
names, to correct spelling, etc. Contact names were included, if available. 

A total of 2821 establistoents were initially identified. 
Twenty-eight establishmm.ts were subsequently added during the conduct of 
the survey, bringing the total to 2849 establishments. 

The entire list was stored on computer tape for later processing, 
and printing of mailing labels. 
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Select lag-thie-Sainplft 

The xmiverse list of establishments was divided into two groups 
in order to reduce costs associated with follow-up. Group 1 had extensive 
follow-up by mail and telephone. Group 2 received no follow-up- Group 1 
consisted of a one-third systematic random sample drawn from the strati- 
fied list, obtained by choosing a random starting point and selecting 
every third establishment. This procedure yielded an initial sample of 
940 establistoents in Group 1. During the course of the survey, 28 
additional establishments were identified (often by suggestions from 
respondents or from new sources), and these establishments were added to 
Group X (to J sp^eed up contact procedures) to bring the total number of 
establishments in the Group 1 sample to 968. The remaining 1881 estab- 
lishments--were designated as Group 2. 

Employees working in solar energy were sampled within each 
respondent organization. The selection was made by the establishment 
following instructions furnished by Battelle (see Instructions for 
Distribution of Materials in Appendix A). The sa^le size was based on 
the total nimber of solar employees reported by the establishment. 
Table 1 presents the plan for sample size selection. A sample of 
approximately ten percent of employees engaged in solar work was 
requested, with a mihimtm of one and 5. maximum of ten employees. Few 
establishments had as many as 100 solar energy employees. 

Conducting the Survey 

The Group 1 and Group 2 establishment samples were treated 
differently during the conduct of the survey. Group 1 establishments 
were mailed the employer questionnaire, together with copies of the cover 
letters from the Department of Energy and the Solar Energy Industries - 
Association (see App^dtx A). Mail returned as undeliverable was checked, 
and a directory search was initiated for a correct or better address. 
THfen, the questionnaire and cover letters were resent. 
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TABLE 1. SAMPLING PLAN FOR EMPLOYEE SELECTION, 1978 



Number of Solar Energy 
^ployee^ in Establishiaent Saaiple Size 



1-14 


1 


15-24 


2 


25-34 


3 


35-44 


4 


45-54 


5 


55-64 


6 


65-74 


7 


75-84 


8 


85-94 


9 


95 and above 


ib 
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ments 
Append: 
of 162 
purpose 

ments differed significantly from respondent ' es^^blilfim^hts ' iA tdMs of 
geographic region, type of establishment, whether they were engaged in 
solar energy work, type of solar energy work engaged in, total number of 
employees and number of employees working in solar. The establishments 

contacted were those in Group 1 where three mail contacts hs 1 already 
been attempted. A total of 91 establishments were contacted by telephone. 
Those not contacted either had gone out of business^ or had no telephone 
listing. 

When Group 1 employer questionnaires were returned, the appropriate 
number of employee questionnaires to be sent was determined, based on the 
number of employees engaged in solar energy work (see Table 1) . The package 
of employee forms, cover letters, and return envelopes was sent to the 
contact person at each responding establishment. This person was asked to 
distribute the employee questionnaires to a random sample of employees 
working in solar energy. To obtain a random sample, the contact person 
was requested to list the names of the establishment's solar energy 
employees alphabetically, or use an already existing listing (such as 
a payroll list). The ordinal positions on the list to be given employee 
forms were randomly selected by Battelle and sent to the employer. It 
is not known how reliably this procedure was followed by the establishments. 
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It should be noted that other than an establishment code nximber, 
the empioyee questionnaires had no identifying information This, plus 
direct return of the forms to Bat telle, ensured confidentiality of the 
employee responses. 

Group 2 establishments were mailed the short screening fora. 
Respondents who indicated they would be willing to complete the more 
detailed questionnaire were sent employer questionnaires * and the appropriate 
number of employee forms. (The screening form provided the information 
necessary to determine the number of employee questionnaires to send.) No 
further attempts were made to contact respondents and nonrespondents in 
Group 2. : 
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RESULTS 

A total of 1314 establishment responses vere received, repre- 
senting 46 percent of the establislments in the sampling frame, and 51 
percent of the establishments contacted. Of the 1314 establishments, 285 
(22 percent) reported they were not engaged in any type of solar work. A 
total of 466 e.;tablishments (35 percent) completed only the short screening 
form, and 563 establishments (43 percent) completed the long employer 
questionnaire. Some respondents did not answer every question in the 
employer questionnaire. An analysis of the response rate is presented in 
Appendix B. 

An estimate of the number of establishments in the sampling 
frame engaged in solar energy work as derived (see Appendix B) . The two- 
standard error estimate of the number of establislments engaged in solar 
energy work in 1978 was 1867 ± 65. This estimate was used to compute the 
estimated total employment in solar energy in subsequent analyses. 

Respondent establishments were compared to the sample of 91 
nonrespondents in terms of type of organization, geographic location, 
type of solar energy, total employment, knd solar en^loyment. In general, 
the results of these analyses were negative, indicating little or no 
difference between respondent and nonrespondent establishments. 

A comparison of Group 1 and Group 2 respondent establishments 
disclosed no reliable differences between the two groups in terms of type 
of organization, geographic location, industrial classification, primary 
type of solar energy that organization was involved in, number of different 
types of solar energy, percent solar R&D work, total employment, solar 
employment, percent solar employment, and type of solar work. Thus, the 
method of contact and extent of follow-up did not make a difference in the 
kind of size of responding establishments. Based on these findings, the 
two groups were combined in subsequent analyses. 

The analyses of possible nonresponse bias are described more 
fully in Appendix B. 
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The study results are presented below in seven sections: Des- 
cription of Establishments, Solar Employment in Establishments, Occupa- 
tions and Skills Required, Characteristics of Solar Employees, Hours 
Worked by Employees, Education and Training Needs of Employees, and 
Employment Projections, Additional tables of results are presented in 
Appendix C. 



Description of Establishments 

A total of 563 employer questionnaires were received from establish- 
ments engag .d in solar activities. The geographic distribution of establish- 
ments is shown in Table 2. The five states with the most solar establishments 
were California (16 percent of total respondents) , New York (8 percent) , 
Massachusetts (7 percent)* Colorado (4 percent), and Texas (4 percent). 

Table 3 presents the distribution of respondents in terms of type 
of organization. Most establishments were categorized as private industries 
or businesses. Federal government organizations included only Federal 
laboratories engaged in solar or solar related energy work. Federally 
financed Contract Research Centers were included with nonprofit organizations. 
Public Utilities included public or privately-owned gas and/or electric 
companies, but not telephone companies. 

Table 4 presents the primary activities (Standard Industrial 
Classification) of the overall organization of the responding establishments. 
Establishments engaged in solar energy work represented many different 
industrial sectors. Approximately 40 percent of the establishments came 
from the service sector, and approximately 30 percent came from the durable 
goods manufacturing sector. 

Table 5 presents the percentage of establishments working with 
different types of solar energy technologies and applications. Since 
respondents could indicate as many types as appropriate, the percentages 
in the first column of Table 5 exceed 100 percent. Nearly 83 percent of 
the establishments were engaged in some form of work with solar space heat- 
ing and cooling. Eighty percent were engaged in work related to solar water 
heating. Seventy-two percent of the establishments were involved in work 
in both space heating and cooling and water heating. For this reason, 
these two types were often combined in the analyses that follow. 
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TABLE 2. GEOGEAPHICAL. REGION OF 

RESPONDENT ESTABLISHMENTS, 1978 



Federal Percent of 

Region Respondents 

(N=563) 



I 


13.7 


TT 


XX* ^ 


III 


12.6 


IV 


9.2 


V 


12.8 


VI 


7.3 


VII 


3.6 


VIII 


6.2 


iX 


20.4 


X 


3.0 



30 
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TABLE 3. TYPE OF ORGANIZATIONS ENGAGES IN SOLAR ACTIVITIES, 1978 



Percent of Respondents 
Type of Org^dzation fN^SSS^ ' 

Private Industry 61.1 

Construction Contractor 8.2 

Public Utility 6.6 

Federal G'.'tveminent l-S 

State or Local Government 5.9 

Nonprofit Organization 7.0 

Educational Institution 8.6 

0.9 



Other 



31 



27 



TABLE 4- INDUSTRIAL CLASSIFICATION OF ESTABLISHMENTS, 1978 



-Industry 



Standard Industrial 
Classification Code 



Percent of 
Respondents 



Durable Goods Manufacturing 

Lumber and Wood Products 
Stone^ Clay and Glass Products 
Primary Metal Industries 
Fabricated Metal Products 
Mach^ery, Except Electrical 
Electric and Electronic Equipment 
Transportation Egxiipment 
Instruments and Related Products 
Miscellaneous Maniifacturing 
Solar Products* 

Construction 

General Building Contractors 
Special Trade Contractors 

Nondurable Goods Manufacturing 

Food and Kindred Products 
Apparel and Other Textiles 
Chemicals and Allied Products 
Petroleum and- Coal Products 
Rubber and Plastic Products 

Mining 

Transportation and Public Utilities 
Wholesale or Retail Trade 
Finance, Insurance and Real Estate 
Services 

Personal Services 
Business Services 
Educational Services 

Engineering and Architectural Services 
Research Services 
Other Services 

Public Administration 



24 
32 
33 
34 
35 
36 
37 
38 
39 



15 
17 



20 
23 
28 
29 
30 

10-14 

40-49 

50-59 

60-67 



72 
73 
82 

891 
7391, 892 

91-97 



29.3 



0.2 

7.6 
6.3 
0.2 
40.7 



0.5 
1.1 
1.1 
6.8 



1. 
4. 
0. 
1. 



2.2 
9.9 



8;3 



4.3 
4.0 



2.8 



0.2 
0.2 
0.9 
0.4 
1.1 



0.2 
0.5 
10.8 
16.8 
9.7 
2.7 



4.9 



*Fif ty-five establishments identified their primary activity as the manufacturing 
of solar products. 
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TABLE 5. TYPE OF SOLAR ENERGY fEGHNOLOGY, 1978 





Percentage of 
Respondents 
Engaged in E<xch 
TvDe* (N»549) 


Percentage of 
Respondents 
Primarily Engaged 
in Each Type 
(N^482^ 




82.7 


48.3 


water neacing 


80.1 


28.6 


Xncusurxax -rrocess neo.u 


37.5 


1.9 


Thermal Power 


18.8 


2.7 


Ocean Thermal Conversion 


9.5 


2.7 


Photovoltaic Conversion 


26.6 


6.2 


Wind Conversion 


24.8 


3.1 


Biomass Conversion 


17.9 


2.7 


Other 


8.4 


3.7 



The sum of the percentages exceeds 100 since respondents could 
types that apply. 
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Not shown in the table is the percentage of establishments 
indicating work in more than one type of solar energy. Seventeen percent 
of the establishments indicated they were working in only one type of 
solar energy. Twenty-^nine percent indicated two types, and twenty-five 
percent indicated three types. Twenty-nine percent of the establis&^ts 
indicated four or more types. It is clear that many solar establishments 
were working with many different types of solar energy, rather than 
specializing at this time. 

Establishme n ts also indicated the one type of solar energy in 
which the greatest niimber of employees worked. The results are shown in 
the second coiiimn of Table 5. Nearly half the respondents were primarily 
engaged in work related to solar space heating and cooling. 

Table 6 presents a classification of the type of solar work 
engaged in by the respondents. This classification was based on the prin- 
cipal solar products and services provided by the establishment and its 
standard industrial classification. More establishments were engaged in 
providing R&D services than any other category of work. The percentage 
of respondents providing different solar-related products or services 
is presented in Appendix Table C*l. 

Gross tabulations of type of organization by primary type of 
solar energy and type of solar work are presented in Appendix Tables C-2 
and C-3. Crosstabulations of type of industry by primary type of solar 
energy and type of solar work are presented in Appendix Tables C-4 and C-5. 

Table 7 shows the type of work involved for each type of solar 
energy. Space heating and cooling and water heating involved a wide 
variety of different types of work. For other types of solar energy, the 
largest percentage of establishments were providing R&D services, 
reflecting the fact that these types were not as commercialized as space 
heating and cooling and water heating. 

Table 8 presents the distribution of respondents in terms of the 
percentage of solar work in research and development activities. Over 30 
percent of the establishments had over 95 percent of their solar work in 
R&D. Another 30 percent had less than 15 percent of their solar work in 
R&D. The overall average percent solar work in R&D was 49 percent. As 
shown in Table 9, most construction contractors and private industrial 
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TABLE 6. TYPE OF SOLAR ENERGY WORK, 1378 



Type of Solar Energy Work— 


Percent of Respondents 


Mantifacturing, flat plate collectors 


13.4 


Manufacturing, other products 


17.4 


Installation 


12.3 


R&D Services 


22.7 


Architectural and Engineering Services 


18.1 


Other Services 


16.1 
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t*BtE7. m OF SOUR EeCY UORK BY PRDUSY 

TYPE OF sown um, m 



Pr4nary4Ype of Seiat Entr^ 

.Space . Industrial Oceaa 
Ileadsg Biiter Process ThetMl Thcrwl Photovoltaic 



Vind 



Blosass 



;''nd tooling Ueatlng Heat Power Conversion Conversion Conversion Conversion Other 



Type of Solar Uork 


N 


Z 


N 


I 


N 




N 




H : 


*• 

H 2 


N 


2 




K 




Nanufacturtiig, flit 
































place collectors 


30 


13.1 


33 


24.4 


1 


11.1 


I 


8.3 


0 0.0 


3 10.3 


1 


7.1 


0 0.0 


0 


0.0 


Naniifactuflng, o(l>;r 
































products 


28 


12.2 


21 


15.6 


2 


22.2 


4 


33.3 


1 7.7 


11 37.9 


5 


35.7 


2 15.4" 


6 


33.3 


iDStallatloa 


27 


II.8 


29 


21.5 


1 


11.1 


1 


8.3 


0 0.0 


1 3.4 


0 


0.0 


1 7.7 


1 


5.6 


R&D Services 


Hi 


20.5 


14 


10.4 


4 


44.4 


5 


41.7 


7 53.8 


12 41.4 


8 


57.1 


8 61.5 


5 


27.8 


Architectural and 
































Engineering Services 


62 


27.1 


14 


10.4 


I 


11. 1 


1 


8.3 


5 38.5 


1 3.4 


0 


0.0 


1 7.7 


1 


5.6 


Other Services 


35 


15.3 


24 


17.8 


0 


0.0 


0 


0.0 


0 0.0 


1 3.4 


0 


0.0 


1 7.7 


5 


27.8 


Total 


229 


100.0 


135 


100.0 


9 


100.0 


12 


100.0 


13 lOO.O 


29 100.0 


14 


100.0 


13 100.0 


18 


100.0 
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TABLE 8. PERCENTAGE OF SOLAR 'WORK IN 

RESEARCH AND DEVELOPMENT, 1978 



Percent Solar Percent of 

R&D Work Respondents 

(N=544) 



b- 4.9 


13.6 


5- 14.9 


17.3 


15^ 24.9 


10.3 


25- 34.9 


7.7 


35- 44.9 


2.2 


45- 54.9 


8.1 


55- 64.9 


1.1 


65- 74.9 


1.5 


75- 84.9 


3.9 


80- 94.9 


3.7 


95-100 


30.7 
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TABLE 9. PERGENTAGE OF SOLAR WORK IN R&D 
BY TYPE OF ORGANIZATION, 1978 



Percent Solar 
m Work 



Typg of Organization 
State or 

Private Constnction Public Federal Local Nonprofit Educational 
Industry Contractor Utility Govemment Government Organization Institution Other 

_N_.__:^N Z N 2-N.-r--N X N IN Z N Z 



102 or less 


132 


39.4 


24 


53.3 


2 5.6 


1 


11.1 


5 


17.9 


2 


5.4 


0 


0.0 


1 33.3 


IIZ to 49Z 


89 


26.6 


13 


28.9 


3 8.3 


0 


0.0 


3 


10.7 


2 


5.4 


1 


2.1 


0 0.0 


50Z to 89Z 


54 


16.1 


7 


15.6 


6 16.7 


2 


22.2 


3 

• 


10.7 


6 


16.2 


1 


2.1 


2 66.7 


90Z or more 


60 


17.9 


1 


2.2 


25 69.4 


6 


66.7 


6 


60.7 


27 


73.0 


46 


95.8 


0 0.0 


Total 


335 


lOO.G 


45 


100.0 


36 100.0 


9 


100.0 


28 


100.0 


37 


100.0 


48 


100.0 


3 100.0 
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establishments performed a low percentage of their solar work in R&D. 
Public utilities, governmental agencies, nonprofit organizations and 
educational institutions tended to perform a high percentage of their 
solar work in R&D. Crosstabulations of percentage of solar work in R&D 
by type of industry, primary type of solar energy and type of solar work 
are presented in Appendix Tables C-6 through C- 8. 

Table 10 presents the source of funds used to finance solar 
activities. The three types of solar energy which were funded over 50 
percent from commercial sources were space heating and coolings water 
heating, and industrial process heat. The only type which was funded 
over 50 percent from federal R&D sources was ocean thermal conversion. 

Establishments with commercial sales were asked to estimate 
the percentage change in commercial solar sales between the base year of 
1978 and 1979, 1981, and 1983. The results are presented in Table n. The 
majority of respondents (upwards of 85 percent) anticipated increased 
commercial solar sales. A small per;;entage of respondents anticipated no 
change, and an even smaller percentage anticipated a decrease. The overall 
average percent change anticipated in 1979 (including both increases and 
decreases) was +81.7 percent. The overall average percent change antici- 
pated in 1981 was +134.0 percent > and the overall average percent change 
anticipated in 1983 was +193.5 percent. It should be noted that these 
estimates were not used to develop future solar emplo3rment projections, 
although they agree closely with the commercial projections. 

Solar-£mployment^ -in Estabiishments 



The total employment reported by the respondent establishments 
was 485,162 with a mean of 885 employees per establishment and a standard 
deviation of 2337.2. Total reported solar employment was 6,257 with a mean 
of 12 solar employees per establishment and a standard deviation of 23.3. 
Table 12 presents the distribution of total employment among respondents. 
Note should be taken of the large number of very small establishments engaged 



TABLE 10. AVERAGE PERCENT OF SUPPORT RECEIVED FROH DIFFEREIIT SOURCES 
FOR FINANCING SOLAR ACTIVniES BY TlfPE OF SOLAR ENERGY, 1978 



Source 



Types of Solar EoerKy 


Reseirch uA DevelopieRt 
Fuodid by 
Federal GovernMfit 


Research iod Developnt 
Funded by 


Cbaercial Solar 
Actlyitlei Funded 
intemaiiy 




Total 


. Nmber of 
Respondents 


Spice Huttug ud Cooling 


23.3 


17.0 


51.1 


8.6 


lU.O 


399 


Hater Heitlog 


18.1 


l/.D 


;D.l 


B S 
0.0 


infl 0 

IW.U 




IndusCrlil Process Heat 


20.7 


19.1 


5i.6 


8.7 


100.0 


153 


Thenal Pouer 


38.6 


25.6 


23.1 


12.8 


100.0 


89 


Ocein Theml Conversion 


60.1 


21.9 


11.3 


6.7 


100.0 


47 


Photovolutc Coii«ersloD 


36.4 


21.0 


30.7 


12.0 


100.0 


123 


Uind CoQversioD 


28.9 


33.3 


26.5 


U,3 


100.0 


107 


Bloaass Conversion 


38,8 


26.7 


20.7 


13.8 


100.0 


?7 


Otiier 


20.2 


17.5 


45.2 


17.1 


100.0 


61 
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TABLE 11. ANTICIPATED CHANGE IN COMMERCIAL SOLAR SALES, 1978 



Average Perc 





Direction 


Number 


Percent of 


Change Antici 


Year 


of flhatiop 




J\espOuQcuI.S 


vKeiative to 




Increase 


263 


85.. 


+98.3 


1979 


No Change 


37 


12.0 


0.0 




Decrease 


9 


2.9 


-68.3 




Increase 


.. ..... 

267 


89.0 


^ j 

+151.5 


1981 


No Change 


28 


9.3 


0.0 




Decrease 


5 


1.7 


-51.0 




Increase 


253 


86.9 


+223.7 


1983 


No Change 


34 


11.7 


o.b 




Decrease 


4 


1.4 


-72.5 



ERIC 



37 



TABLE 12. ESTABLISHMENT SIZE, 1978 



Percent of Respondents 
Total Employment (N^SAS) 



1-2 


9.3 


3-5 


12.6 


6-10 


15.3 


11-20 


13.0 


21 - 40 


9.7 


41 - 100 


11.5 


101 - 400 


9.1 


401 - 3000 


10.2 


Greater than 3000 


9.3 
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had less tfiSn 1^ 

Table 1^' presents tiii disfc^^butioA'^of efet&bli^ffflehp Size for 
each type of solar work. Installation, architectural and engineering 
services, and other services were performed mainly by small establishments 
(10 or fewer employees) , whereas R&D services were performed mainly by 
large establishments (more than 400 ^ployees). Manufacturing work was 
performed by both large and small establishments - 

Table 16 presents the relationship between percentage of solar 
work in R&D and size of establisSent. Small establishments tended to perform 
only a small percentage of their solar work in R&D activities, whereas 
large establishments performed most of their solar work in R&D. Further 
analysis of the data in Table 16 showed that approximately 75 percent of 
the solar work in large establishments was R&D work. 

Cross4:abulations of establishment size by primary type of solar 
energy are presented in Appendix Table C-9. Gross^abulations of percentage 
solar employment by type of organization, type of industry, primary type of 
solar energy, type of solar work, and percentage of solar work in R&D are 
presented in Appendix Tables C-10 through C-14. 

The estimated number of persons working in solar in 1978 was 
22,500. This figure represents all employees both full and part-time, 
direct and support, working in solar. This estimate was based on solar 
employment data supplied by the 518 establishments which answered the 
occupational distribution question. These 518 establis&ents represented 
27.75 percent (+1.0 percent) of the 1867 establishments (+ 65 establishments) 
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TABLE i3. PERCENT SOLAR EMPLOYMENT, 1978 



Percent of Respondents 



Percent Solar Eiaployment (N=541) 

Less than 4% 26.8 

5% - 242 22.2 

25% - 49% iO.O 

50% - 99% 12.2 

100% 28.8 



TABLE 14. FERCENTAGE SOUR'EHPLOYNENT BY ESTABLISUHENT SIZE, 1978 



Total Eaployaent 



Percent Solar 
Eiployient 



Leo tian 4{ 
5Z to 24Z 
2SZ to 49Z 
SOZ to 99: 
lOOZ 
Total 



1-2 3-5 6-10 11-20 
N Z H Z— N Z 1- i 



21-40 41-100 101-400 401-3000 
N Z H Z lU-Z N Z 



0 0.0 0 0.0 0 0.0 0 0.0 3 5.8 10 16.1 30 61.2 51 92.7 
0 0.0 1 15 5 6.0 25 35.7 32 61.5 37 59.7 16 32.7 4 7.3 
0 0.0 7 10.3 12 14.5 16 22.9 12 23.1 6 9.7 1 2.0 0 0.0 



5 9.8 14 20.6 26 31.3 13 18.6 2 3,8 5 8,1 1 2.0 
46 <M).2 46 67.6 40 48.2 16 22.9 3 5.8 4 6.5 1 2.0 



0 0.0 



0 0.0 



5111 



51 100.0 68 100.0 83 100.0 70 100.0 52 100.0 62 11.5 49 100.0 55 100.0 51 100.0 
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TABLE 15. ESTABlISiENT SIZE BY TYPE OF SOLAR WORK, 1978 




Type of Solar Work 





Manufacturing 


Mann far tiirttt? 








Hat. Plate 


Other 




R&D 








iUjLaiiaLiUu 




lotai-liiplopent.- 


j- j - 


- N--2- 


4- Z 


J- I. . 


i-2 


7 9.7 


3 3.3 


8 11.9 


5 4.2 


3-5 


11 15.3 


11 12.1 


11 16.4 


6 5.0 


6-10 


20 27.8 


13 14.3 


19 28.4 


4 3.3 


11-20 


iO 13.9 


12 13.2 


11 16.4 


13 10.8 


21-40 


6 8.3 


6 6.6 


7 10.4 


10 8.3 


41 - 100 


2 2.8 


14 15.4 


6 9.0 


15 12.5 


101 - 400 


9 12.5 


10 11.0 


2 3.0 


16 13.3 


401 - 3000 


2 2.8 


11 12.1 


2 3.0 


30 25.0 


Greater than 3000 


5 6.9 


11 12.1 


1 1.5 


21 17,5 


Total 


72 100.0 


91 100.0 


67 100.0 


120 lOO.G 




8 8.3 
5 5.2 
3 3.1 




Percent Solar 
HSOiork 



101 or U88 
111 CO 491 
sot to 8IIZ 
90Z or lore 
Totel 



43 



estimated to have been engaged in solar energy activities in 1978. To 
obtain the estimated number of persons working in solar, the reported number 
of solar employees was divided by .2775 and rounded to the nearest lOG 
employees. The 95 percent confidence interval (two standard errors) of this 
estimate is approximately + 3,5 percent (+ 800 persons). 

QcGupatioas-and Skills Required 

The occupational distribution of solar employment is shown in 
Table 17 for R&D activities, commercial activities (excluding 
installation), and instailat ion activities • Th^ reported number of 
employees is presented for the more frequently mentioned occupations, 
based on 518 establishments which answered the occupational distribution 
question. Data on the less frequently mentioned occupations are presented 
in Appendix Table C-15. The large number of "other" within each occupa- 
tional group (in Appendix Table C--15) indicates that employers had difficulty 
specifying more than the general occupational group for many employees. 
For example, employers could not identify the specific occupation for one- 
third of their engineers, ^^0 percent of the scientists j one-half of the 
technicians and 55 percent of their skilled craft and operative employees. 
Generally, job classifications used in industry bear an imperfect relation- 
ship to occupational fields. 

As shown in Table 17, mechanical engineers were the most 
frequently reported occupation. Engineers made up the largest occupa- 
tional group in R&D activities. Skilled craft and operative workers 
and unskilled workers made Up the largest occupational groups in 
commercial activities (excluding installation), and skilled craft and 
operative workers made up the largest occupational group in installation 
activities. The specific occupations involved in installation included 
mechanical engineers; plumbers and pipe fitters; carpenters; heating, 
ventilating and air conditioning workers; and sheet metal workers and 
tinsmiths- 



TAB^E 17. OCafATlflNAl DISTRIBUTION OF EMPi:nYHraT IN MM ArTIVlTlF.S.JEI'nBTEPJND. 

ESTIMATED NUMBERS AND PERCENTAfiFS. 197B. RASED ON 518 RFPORTINC FSTABramC 





PpTKirffd 










Engineers __ 


1398 




Agricultural 


28 


"T 


Cheilcal 


54 




Civil 


.26 




Electrical/Electronic 






Hechanlcal' 




1C 

Ij 


netaxiurgicai/nateriais 






Other 




Ml 


Scientists 


169 


13 


Biologists 


20 


1 


Cheilsts _ .... 


35 


1 


Cbiputer Specialists 


_48 




Physicists 


117 
11/ 




Other 






Other.Professlooals 




14 


Architects. _ . 


n 


2 


College/University Teachers 


V 


} 


Cconoilsts 


Ik 




Managers/ Adnln Istrators 


m 




Harketlng Specialists 


11 

1} 




Operattons/SystetB Researcheffi 


.11 


■ 


Other 


176 




Technicians 


594 


14 


Chemical . 


21 


1 


Electrlcal/EUctttwilc 


112 


3 


Hechanlcal 


98 






263 


8 


Skilled Craftfl and Ooeratlves 


238 


7 


Carpenteri) 


9 


b 


HVAC Vorters 


8 


b 


Hachinists 


12 


b 


Mechanics 


26 


1 


Pluiibecs/Plpc Fitters 


5 


b 


Sheetiwtal Workers /Tlnsnlths 


9 


b 


Uelders/Flane-Cutters 


12 


b 


Others 


157 


5 


Clerical and Unskilled 


215 


9 


No Occupation Given 


36 


2 


Total, All Occupations 


3482 


100 



-ReswcH aailDevelcpiient 



E^^tlfluted 



46 5,200 



1,700 



1.8 



900 



1,200 



Cojoerdal 
(except Instalhtlon) 



Reported 
N 



440 
2 

28 
.4 
35 
161 
5 

185 

54 
1 
8 
6 
18 
21 

11 



60 
67 



176 
2 

23 
46 
105 

649 
10 
18 
14 
13 
37 
28 
11 

518 

24 
2416 




19 300 
M 1.300 



a Detail «ay not add to subtotal due to roundlnn/Tot.il imy not fldd to 1001 due to rounding, 
b less than 0.5Z< 

c Includes allocation of "No Occupation Rlvrn" catcRorjr/Dffiill Siy not add to total due to rounding. 



loji 


17 


3,900 


43 ; 
48 


'l 
1 




29 


b 




43 


1 




84 


1 




54 


1 




29 


b 




727 


12 




1102 


18 


4.000 


m 


2 




mi 


100 


22,500 



5^ 



45 



Overall, the number of employees working in solar R&D was 
greater than the number working in solar commercial and installation 
activities combined. This finding points up an important characteristic 
of employment in the solar energy area - I large percentage of employment 
was in R&D work. 

Further examination of Table 17 discloses that the percentage 
of iDther professionals^ remained fairly constant (between 10 percent and 
15 percent) in research and development activities, co^ercial activities 
and installation activities, whereas the percentages of the other occupa- 
tional groups fluctuated among the different activities. The reported 
occupational distributions appeared to reflect the type of work currently 
performed in the different activities. Thus, commercial activities, which 
include manufacturing, involved large numbers of engineers^ machine 
operatives and unskilled workers. In the future, the mix of occupations 
is likely to change as different solar technologies become conmercialized, 
and as more standardization and automation occur in manufacturing and 
installation activities. 

Table 18 presents the reported and estimated number of solar 
employees by each type of solar energy. Most employees (65 percent) were 
working in establishments primarily engaged in space heating and cooling/ 
water heating. Establishments primarily engaged in space heating and 
cooling/water heating reported iore employees in commercial activities 
than in R&D activities. This finding reflects the level of commerciali- 
zation of solar space heating and solar water heating, A5; these 
technologies become more conmercialized, employment x^ll, of course, 
shift to commercial activities. In addition, the occupational mix will 
change. Occupational distributions of sclar employment for establish- 
ments primarily engaged in space heating and cooling/water heating, 
industrial process heat, photovoltaic conversion, and all other types of 
solar energy combined are presented in Appendix Tables 0-16 through 0-19. 

Since large and small employers could have different jobs 
available, a comparison of the occupational distributions of relatively 
larger employers in the solar energy field (those with more than AO 
total employees) and smaller employers (those with AO or fewer employees) 
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TABLE 18. REPORTED AND ESTIMAB EMPLOYMENT IN DIFFERENT TYPES OF SOLAR ENERGY, 1978 



Type of 
Solar Energy 



Number of 
Establisiients 
Primariiy 
Engaged in 
—that Type- 



Space heating & cooling/ 
water heating 

Industrial process heat 

Themial power 

Ocean thermal conversion 

Photovoltaic conversion 

Wind conversion 

Biomass conversion 

Other 



Total 



346 
8 

12 
13 
28 
15 
12 
16 
68 
518 



Research and Development 



Reported Estimated 



N 



N 



b 



1,576 45.3 6,800 

41 1.2 200 

143 4.1 600 

101 2,9 400 

639 18.4 2,700 

231 6.6 1,000 

188 5,4 800 

59 1.7 - 

^ 504 14.5 - 

3,482 100.0 12,500 



Commercial . 
(Including4nstallation) 



Reported Estimated 



N t 



N 



,b 



2,022 72.9 7,900 

25 0.9 100 

5 0.1 d 

2 c d 

427 15.4 1,700 

61 2.2 200 

11 0.4 d 

75 2.7 - 

147 5.3 - 

2,775 100.0 10,000 



Total 



Reported 



Estimated 



N 



,b 



3,598 57.5 1^^700 

66 1.1 300 

148 2.4 600 t 

103 1.6 400 

1,066 17.0 4,400 

292 4.7 1,200 

199 3.2 800 

134 2.1 - 

651 10.4 - 

6,257 100.0 22,500 



a Total may not add to 100'/ due to rounding. 

b Includes allocation of "Missing" and "Other" Categories/Detail iay.not add to total to rounding. 

c Less than 0.05t 

d Less than 50. 
o 
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was made. Only establislments primarily involved in space hiitihg and 
cooling or water heating were included in this comparison. (The other 
types of solar energy were represented by too few establishments.) 
Table 19 presents the comparison. The major difference in the 
distributions was that lai^e employers had a lower percentage of employees 
in the other professional group. This difference may reflect an economy 
of scale, in that management and administrative personnel are required 
regardless of organizational size, but proportionally fewer are required 
in large organizations. The difference could also be' due to the 
predominant R&D nature of the work of large establislraents. 

Table 20 presents the occupations reported as difficult to hire. 
Engineers were most often reported as difficult to hire, followed by 
"other professionals.* Since the occupations differed in frequency with 
which they were reported, a direct comparison among occupations required 
adjusting the frequency of report of-difficult-to-hire by the frequency 
of report- of- occupation. A difficulty ratio was computed by dividing 
the frequency of report-of-dif f icult-to-hire by the frequency of report- of- 
occupation. A ratio of 1.000 would mean that every time the occupation 
was reported, it was also reported as difficult to hire. Using the 
difficulty ratio, the occupations for which the establishments were having 
the most difficulty in hiring were atmospheric scientists, operations/ 
systems researchers, and college/university teachers. Difficulty tended 
to be low among skilled craft and operative jobs, and among clerical and 
unskilled jobs. Apparently, employers were not having much difficulty 
finding suitably skilled persons in these occupational groups. 

Tables 17 and 20, taken together, suggest that the required 
skill level for many jobs in solar is low and that employees in these 
jobs do not need a great deal of special training in solar energy to 
perform their work. .This is partly due to the inclusion of support 
personnel (clerical, administrative) in the employment data which was 
collected. Nevertheless, many of the direct personnel fall into semi- 
skilled and unskilled labor categories. These jobs generally require 
little or no special training prior to employment and require a miniium 
of on-the-job training. The supply of manpower to fill these categories 
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TABLE 19. OCCUPATIONAL DISTRIBUTION OF EMPLOYMENT FOR LARGE AND 
SMALL ElffLOYERS ENGAGED IN SOLAR SPACE HEATING AND 
COOLING/WATER HEATING, 1978. BASED ON 117 LARGE EMPLOYERS 
(GREATER THAN 40 EiLOYEES) AND 225 SMALL EMPLOYERS 
(40 OR FEWER EMPLOYEES) 



Large Entployers 
Occupational Grmjp^ 



Engineers 
Scientists 
Other Professionals 
Technicians 
Skilled Crafts and 
Operatives 

Clerical and Unskilled 
Workers 

No Occupation Given 
Total, All Groups 



Small Employers 
Occupational Group 



Engineers 
Scientists 
Other Professionals 
Technicians 
Skiiied Grafts and 
Operatives _ . 
Clerical and Unskilled 
Workers 

No Occupation Given 
TotaU All Groups - - I 



Jlesearch and Deveiopment 



Reported 

.-N_- 
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t 



508 


44.7 


127 


11.2 


150 


13.2 


120 


10.6 


70 


6.2 


122 


10.7 


39 


3.4 


1436 


mo 



148 


34.5 


33 


7.7 


109 


25.4 


44 


10.3 


45 


10.5 


37 


8.6 


13 


3.0 


429 


100. e 



Comercial 



Reported 




Reported 




N 


I 


N- - - 


X- 


180 


18.8 


688 


32.9 


13 


1.4 


140 


6.7 


96 


10.0 


246 


11.7 


69 


7.2 


189 


9.0 


212 


22.1 


282 


13.5 


374 


39.0 


496 


23.7 


14 


1.5 


53 


2.5 


958 


100.0 


2,094 


100.0^ 



150 


15.7 


298 


21.5 


18 


1.9 


51 


3.7 


191 


20.0 


300 


21.7 


85 


8,9 


129 


9.3 


286 


29.9 


331 


23.9 


218 


22.8 


255 


18.4 


8 


. .8 


21 


1.5 


956 


100.0 


[- 1,385 - 





00 
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TABLE 20. DIFFieULT TO HIRE OCCUPATIONS, 1978. 

BASED ON 518 REPORTING ESTABLISHMENTS 



Occupation 



Reported Frequency of 
Difficult to Hire 



Percent of 
Reports* 



Difficulty 
Ratio 



Engineers 

Agricultural 
Ar chi tec tural 
Chemical 
Civil 

Electrical/Electronic 
Mechanical 

Metallurgical/Materials 
Other 

Scientists 
Atmospheric 
Biologists 
Chemists 

Computer Specialists 

Physicists 

Other 

Other Professionals 
Architects 

College/University Teachers 
Economists 

Manager s / Admini s t r a t o r s 
Marketing Specialists 
Operations/Sys terns Researchers 
Other 

Technicians 
Chemical 
Draftsmen 

Electrical/Electronic 

Mechanical 

Other 

Skilled Crafts and Operatives 
Carpenters 
HVAC Workers 
Machinists 
Mechanics 

Plumbers/Pipe Fitters 
Sheetmetal Workers /Tinsmiths 
Welders/Flame Cutters 
Others 

Clerical and Unskilled 

No Occupation Given 

Total, all occupations 



130 


41.4 




3 


1.0 


Inn 


4 


13 




4 


1.3 


.143 


3 


1.0 


.200 


U 


5.1 


.200 


50 


15.9 


.256 


3 


1.0 


.111 


47 


15.0 


.270 


32 






4 


1.3 


• / J. 


b 


0.0 


.000 


3 


1.0 


.120 


7 


2.2 


.194 


.4 


1.3 


.118 


14 


4.5 


.189 


6^ 


21.3 


.170 


16 


5.1 


.222 


5 


1.6 


.357 


2 


0.6 


.077 


15 


4.8 


.136 


13 


4.1 


.260 


6 


1.9 


.545 


ib 


3.2 


.090 


38 


12.1 


.175 


1 


0.3 


125 


5 


1.6 


.294 


7 


2.2 


.184 


Q 


2. 9 


.150 


16 


5.1 


.170 


55 


12.4 


.142 


1 


0.3 


.042 


3 


i.e 


.158 


1 


0.3 


.071 


3 


1.0 


.176 


5 


1.6 


.143 


4 


1.3 


.182 


2 


0.6 


.154 


20 


6.4 


.154 


2 


0.6 


.011 


6 


1.9 


.375 




100.0 


.173 



fc - - ■ - ■ - - _ _ 

Detail may not add to subtotal due to rounding/Total nay not add to 100 percent due to 
rounding. 
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is therefore 55re elastic. Thus, employers have little difficulty hiring 
for these occupational groups. 

Table 21 presents the occupational distribution of additional 
solar jobs anticipated by employers by 1981. The largest increases 
(both absolute and proportional) were expected in skilled craft and 
operative occupations. Comparing the additional solar jobs anticipated 
with the 1978 occupational distribution suggests that^ by 1981, the 
percentage of engineers and scientists in the solar workforce will 
decrease while the percentage of skilled crafts and operatives will 
increase. This shift would be consistent with increased commercialization 
of solar space heating and water heating technologies. 

Table 22 irresents the reported and estimat:ed solar employment 
and anticipated additional solar jobs by geographic region. Solar 
employment was highest in Regions IX and III, and anticipated additional 
employment was highest in Regions IX and I. The largest proportional 
increases were expected in Regions VII and VI. (See Figure 1 for the 
definitions of regions.) 

Reported solar employment and anticipated additional solar 
jobs are reported for each type of organization, type of industry and 
type of solar work in Appendix Tables C-20 through C-22. The largest 
proportional increases were anticipated in the fields of manufacturing 

and installation. 

One of the objectives of the study was to identify new job 
specialties in the solar area. Only 27 percent of the respondents thought 
their professional, technical, or skilled craft employees performed tasks 
which were substantially different from those traditionally performed in 
sdiilar, nonsolar jobs. The percentage of respondents who thought that 
solar tasks were substantially different from those traditionally 
performed was not significantly different among the different types of 
solar energy, different sizes of establishments, or different types of 
solar work at the 5 percent level of confidence. This finding indicates 
that employers, regardless of the type of solar energy the organization 
was involved with, the size of the establishment or the type of work 
engaged in, generally regarded the jobs in solar as comparable to 
nonsolar jobs in terms of the skills required to perform the job. 
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TABLE 21. 



OCCUPATIONAL DISTRIBUTION OF ADDITIONAL SOLAR 
JOBS , 1978. BASED ON 518 REPORTING ESTABLISHSMTS 



Reported 
Number of 
Additional 
Solar Jobs 



Anticipated 
Percent 



Estimated 
Number of 
Additional 
^ol^T ■TnT.ob (1978-1981) 



Engineers 


1,138 


21.1 


4,200 


+ 60.1 


Scientists 


322 


6-0 


1,200 


+ 60.9 


Other Professionals 


665 


12.3 


2,500 


+ 76.0 


Technicians 


6A4 


11.9 


2,400 


+ 93.2 


Skilled Crafts and Operatives 


1,517 


28.1 


5,600 


+143.5 


Clerical and Unskilled Workers 


968 


17.9 


3,600 


+ 87.8 


No Occupation Given 


1A3 


2.6 






Total, All Groups 


5,397 


100.0 


19,400 


+ 86.4 



a Total may not ad'^ to 100% due to rounding. 

b Includes allocation of "No Occupation Given" category/Detail may not add to total 
due to rounding. 



TABLE 22. TOTAL SMPLOYMENT, SOLAR EMPLOYiNT, AM) ADDITiOm 
SOLAR JOBS BY GEOGRAPHIC REGION, 1978 



Region 


Reported 
Total 
Eiployment 
(N=548) 


Reported 
Solar 
Employment 
4M18) 


Estimated 

Solar 
Empl&pent 


Reported 
Number of 
Additional 
Solar Jobs 

{N=5i8) 


Estimated 
Number of 
Additional 
Solar Jobs 


Anticipated 
Percentage 
Change . 
(1978-1981) 


I 


39,448 


818 


2,900 


859 


3,100 


+105.0 


II 


47,596 


698 


2,500 


546 


2,000 


+ 78.2 


III 


139,096 


1,041 


3,700 


810 


A AAA 

2,900 


T 77.8 j 

1 


IV 


31,397 


570 


2,100 


420 


1,500 


+ 73.7 


V 


74,382 


859 


3,100 


471 


1,700 


+ 54.8 


n 


23,533 


256 


900 


286 


1,000 


+111.7 


VII 


907 


120 


400 


144 


500 


+120,0 


mi 


11,134 


411 


1,500 


394 


' 1,400 


+ 95.9 


IX 


100,660 


1,373 


4,900 


1,417 


5,100 


+103.2 


X 


17,009 


111 


400 


50 


200 


+ 45.0 


gtal 
ERIC 


485,162 


6,257 


22,500 


5,397 


19,400 


+ 86.3 
J- . 
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A minority of respondents felt, however, that new of substantially 
different tasks were being performed by some of their solar employees. 
Table 23 presents a classification of the areas in which new skills and 
knowledge were required to perform these tasks. Special solar design, 
analysis, and installation skills were most frequently mentioned by respondents. 
New combinations of traditional skills were also mentioned. Based on the 
reported new skills and knowledge required, there appears to be a need for 
persons trained in the design and analysis of solar units ^ and for persons 
trained in installation of solar units. However, no new occupations unique 
to solar energy emerged as a result of this question, and a majority of 
respondents (including a majority of installers) did not regard the tasks 
performed as substantially different from traditional tasks. It appears that 
employees must be capable of performing traditional as well as purely solar 
work. 

Characteristics of Solar Employees 

A total of 483 employee questionnaires was received from 359 
different establishments. The characteristics of the employee respondents 
were compared with occupational and solar work information supplied by the 
establishments. These comparisons indicated that the "other professional" 
occupational category was greatly overrepresented among the employee 
respondents, and the "skilled crafts and operatives" and "clerical and 
unskilled workers" categories .were underrepresented. The type and phase of 
solar energy work reported agreed fairly well with the employment distfibo- 
tion provided by employers - 

Employee respondents, however, oveffepf esented educational institutions 
and large establishments (over 400 employees). Thus, it does not appear 
that the employee respondents constituted a representative sample of employees 
working in solar energy. For this reason and because of the small number 
of questionnaires returned, caution should be used in interpreting the 
information obtained from the employee questionnaire. 
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TABLE 23* NEW SKIiiS AND KNOWLEDGE NEEDED 
TO PERFORM SOL^ JOBS, 1978 



Percent of 
Respondents 

Skill or Knowledge Area _^ ^_ (;n=140) 



32.1 
41.4 



Analysis Skills 
Design Skills 

M^ufacturing Skills 15.7 
Marketing Skills 5.0 
Installation Skills 

Systems Operation and Troubleshooting 
Skills 

Skill in Conducting R£^D in Specific 

T3rpes of Solar Energy 
New Combination of Skills 
Other 



31.4 

12.9 

17.9 
9.3 
26.4 
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Respondent employee characteristics are presented in Appendix 
Tables C-23 through C-31. Over 60 percent of the respondents were under 
40 years old (Table 0-27). Ninety percent were male. Respondents had 
been employed in solar-related work an average of only 3.7 years with a 
standard deviation of 3.6 years* This finding indicates the recent 
growth of the solar energy field and shows that many persons are new 
tc the field. Most respondents did not have professional certification 
or journeyman licensing. Only 18.3 percent reported licensing related 
to their solar work. 

Table 24 shows the relationship between current and previous 
occupations. For most employees, the current occupations category in 
solar was the same as the occupational category before working in solar. 
Those employees whose current occupational category was "other professional" 
showed the greatest diversity of previous occupations. Twenty percent of 
those employees came from engineering. 

Hours Worked by Employees 

The number of nours worked in solar activities and in nonsolar 
activities are important indicators of manpower utilization. Many persons 
working in the field were only working part-time in solar-related work. 
The mean number of hours spent in solar-related work actitivies during 
the week of June 11-17, 1978, was 29.9 hours per week with a standard 
deviation of 16.5 hours. The mean number of hours spent in nonsolar work 
activities during the same period was 13 • 4 hours per week with a standard 
deviation of 16.1 hours. The mean total hours worked during the period 
was 43.2 hours per week with a standard deviation of 9.8 hours. Approximately 
6 percent of the 449 respondents worked less than 40 hours per week. 

Approximately 4 percent of the respondents did not work in 
solar activities during the period (due to vacations or work variation) , 
whereas 48 percent spent all their time (but sometimes less than 40 
hours per week) in solar work. Since over half of the respondents worked 
less than full-time on solar activities, the existing manpower pool 
was clearly underutilized. 



TAjBLE 24. RELATIONSHIP BETWEEN CURRENT 

OCCUPATION AND PREVIOUS OCCUPATION 
OF RESPONDENT EMPLOYEES, 1978 



Current Occupation 



Previous Occupation 


Engineer 

N I 


Scientist 
N I 


Other 
Professional 
N I 


Technician 
N I 


Skilled Cra 
and Operatr 
N I 


Engineer 


113 


73.9 


0 


0.0 


39 


20.4 


3 


9.4 


3 10.7 


Scientist 


5 


3.3 


31 


77.5 


12 


6.3 


1 


3.1 


0 0.0 


.... 

Other Professional 


9 


5.9 


2 


5.0 


101 


52.9 


3 


9.4 


.... 

3 10.7 


Technician 


1 


0.7 


0 


0.0 


3 


1.6 


19 


59.4 


1 3.6 


51w"ned Crrit and 
Operative 


2 


1.3 


0 


0.0 


5 


2.6 


1 


3.1 


17 60.7 


Student/None 


23 


15.0 


7 


17.5 


31 


16.2 


5 


15,6 


4 14.3 


Total 


153 100.0 


40 100.0 


191 100.0 


32 100.0 


28 100.0 
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The hours worked in solar (13,433 hSuri) represented 69 percent 
of the total hoars worked during the period (19,456 hours). The total 
hours worked in the period represented 486.4 full-time equivalent employees. 
The hours worked in solar represented Sn:,' 335.8 full-time equivalent 
employees (out of 449 respondents). 

The percentage of hours spent in solar work varied significantly 
with the type of solar energy, phase of solar work, type of organization, 
industry category of the establishment, type of solar work of the 
establishlment, and size of the establishment. The data are presented in 
Appendix Tables C-32 through 0-37. Table 25 presents the average hours 
worked in solar by employees engaged in solar R&D work for each type of 
solar energy. These data were used to derive R&D employment coefficients 
in terms of labor hours per dollar of solar R&D funding. 
*. 

Education and^ Training Needs of Employees 



Table 26 presents the primary work activity reported by employees 
in each occupational group. It can be seen that a majority of engineers, 
scientists, and technicians worked primarily in R&D. Skilled crafts and 
machine operatives worked mainly in manufacturing and installation. These 
work activities and occupations naturally required different kinds and 
amounts of education and training. Table 27 presents the educational 
level of employees in each occupational group, and Table 28 presents the 
major field of study. Engineers generally possessed a baccalaureate or 
higher level degree in engineering, although there were a few nondegreed 
persons who, because of training and on-the-job experience, qualified as 
engineers. A majority of scientists possessed a doctoral level degree in 
the physical, mathematical, or biological sciences. Most personnel in the 
other professionals group had at least a baccalaureate level degree; 44 
percent of this group had their degree in engineering. In terms of 
percentage with ah advanced degree, the "other prof essionals" group also 
reseTibled the engineers. Technicians, skilled crafts, and machine 
operatives tended to have a high school level education or some college. 




TABLE 25. 



AVERAGE HOURS WORKED IN SOLAR IN VJEEK OF 
JUNE ll-17a978 BY EiffLOYEES ENGAGED IN 
SOLAR R&D WORK BY TYPE OF SOLAR ENERGY 



Type of solar energy 


Employees — 


Average 
Hours 
Worked 


Space Heating and Cooling 


74 


28.3 


Water Heating 


11 


34.7 


Industrial Process Heat 


8 


26.6 


Thermal Power 


15 


35.1 


Ocean Thermal Conversion 


12 


22.4 


Photovoltaic Conversion 


30 


32.3 


Wind Conversion 


9 


21.2 


Biomass Conversion 


6 


19.2 


Other 


9 


39.8 
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TABLE 26. PRIMARlf SOLAR HORK ACTIy'ITlES OF RESPONDENT EMPLOYEES BY 
CURRENT OCCUPATION, 1978 (PERCENT OF RESPONDENTS) 



Priiary Solar-Work Activity 


Engineers 
(N-120) 


Research and Oevelopiwnt 


54.2 


(bnufacturlng 


8.3 


Marketing and Distribution 


10.8 


Installation and Maintenance 


5.0 


Otkr Comerdal Activities 


8.3 


Other 


13.3 



Scientists 
lN"JbJ 


Current Occupation 
Other 

Professionals Technicians 
(N-1^- (N.33)- - - 


Skilled 
Crafts 
(N«21) 


00.9 


40.7 


51,5 


19.0 


0.0 


4.1 


12.1 


42.9 


2.8 


19.3 


9.1 


4.8 


0.0 


6.9 


9.1 


33.3 


2.3 


6.2 


9.1 


0.0 


5.6 


22.8 


9.1 


0.0 
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TABLE 27 HIGHEST LEVEL OF FORMAL EDUCATION OF RESPONDENT EHPLOYEES 
By CURRENT OCCUPATION, 1978 (PERCENT OF RESPONDENTS) 



Highest Lev el otiori al-ljucatioii 
High school or less 

Soite college 

Associate or technical denree 
B.A./B.S. degree 
M.A./M.S. degree 
Ph.D., Ed.D., H.D. degree 







Current Occ^ti^ 




Engineers 
(N-154) 


Scientists 
(N-42) - 


A t 

Other 
Professlotials 
- {N»196) 


Technicians 


Skilled 
(N-31) 


1.3 


0.0 


2.0 


13.5 


38.7 


3.2 


0.0 


7 7 


43 2 


41.9 


3.2 


0.0 


2.6 


18.9 


0.0 




19.0 


46.4 


21.6 


16.1 


37,0 


26.2 


24.5 


2:7 


3.2 


U.9 


54.8 


16.8 


0.0 


0.0 



I 

TABLE 28. HAJOR PIEIi) OF STUDY OP ..RESPONDENT EMPtOTfES BY 
CURRENT OCCUPATION, 1978 (PERCENT OF RESPONDENTS) 









Current Occupation 




Haiof FleH of Study 


IN-B) — 


dcientists 
(N-42) 


Other 

Professionals Tecboiclans 
(N-196) (N-37) - 


Skilled 
Crafts 


Engineering 


80.6 


4.8 


«.9 16.2 


6;7 


Physical Sdence/Natheiatics/Blology 


6.5 


90.5 


12.2 10.8 


10.0 


Other baccalaureate or professional fields 


6.5 




«.3 18.9 


20.0 


Fields of study below the baccalaureate 
level 


6.5 


0.0 


3.6 34.1 


63.3 



ERIC 



62 



Employees were asked about the need for special education and 
training in their job, the suitability of their education and training, 
and the source of any special education and training. Approximately 88 
percent of the respondents felt that their job required special skills or 
knowledge. This finding does not necessarily contradict their employer's 
perception that most professional, technical and skilled craft employees 
working in solar energy did not perform tasks which are substantially 
different from those traditionally performed. The jobs may require special 
skills and knowledge which are not unique to solar energy work. Table 29 
presents the special skills and knowledge areas required for the job as 
reported by employees in each current occupational group. Many of the 
special skills and knowledge required were not unique to solar energy, but 
rather represented traditional subject matter areas being applied to solar 
energy problems. 

Respondents reported that an average of 19 percent of their work 
time in solar was spent on activities requiring more education and train- 
ing than they had (Appendix Table C-38) . 

Table 30 presents the areas of special skill and knowledge in 
which employees felt they needed additional education and training. 
Since only 61 percent reported needing more education and training, this 
table is based on fewer cases than Table 29. About 50 percent of those 
needing more education and training identified analysis^ design and 
evaluation of systems as the subject area needed. Approximately 25 per- 
cent reported needing additional education and training in the area of 
mechanical engineering, theromodynamics ^ and hydrodynamics. These same 
areas were among the most frequently reported areas required for the job 
(Table 29). 

It is interesting to note in Table 29 that many skill and 
knowledge areas were required by all (or nearly all) occupations. 
Likewise, additional education and training in many of the same areas was 
needed by all (or nearly all) occupations (Table 30). However, the 
specific subiect matter and technical level would probably vary by occupa- 
tion, consi^iering the differences in work activity and educational level 
previously described. 
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TABLE 29. SPEClALSKILtS AND KN0HLED5E REQUIRED BY EMPLOYEES BY CURRENT OCCUPATION 1978 
(PERCENT OF RESPONDENTS) 



Cttfrent OccupatloD 



Skill ind Knowlfedse Area 


Engineers 
(N-137) 


Scientists 


. Other 
Professionals 
(N-i72> 


Technicians 
(N-29) 


Skilled 

Crafts 
fN-2?) 


Knowledge of wlar energy Applications, 
technology nA larket 


8.0 


13.5 


18.0 




22.7 


Aulysls, design and evsluatlon of systeia 


40.1 


10.8 


27.9 


20.7 


13.6 


Knowledge of unufacturlng techolques 


2.9 


2.7 


2.9 


0.0 


0.0 


Knowledge of existing gbvennent progrsM, 
policies, standards and laws regarding 
solar energy 


1.5 


0.0 


5.2 


0.0 


0.0 


Ecoboiics, econdiic analyals and 
assessient 


2.2 


5.4 


6.4 


0.0 


0.0 


Knowledge of construction Hnagewmt, 
contracting, insullatlon and 
■aintenance 


10.9 


0 0 


IS 7 




63.6 


Marketing and sales skills 


2.9 


Vi V 


7. J 




0.0 


Mechanical engiccerlng^ thenKdynatlcs 
and bydrodynaiics 


37.2 


32,4 


29.1 


69.0 


27.3 


Other enginf ring 


55.5 


4/ 1 V 




20./ 


itt *i 
18.2 


Physics and .ptics 


11.7 


43.2 


9.9 


10.3 


4:3 


Manageient 


29.9 


81.1 


21.5 


20.7 


4.5 


Social science, other professional 


0.0 


2.7 


4.7 


3.4 


4.5 


Other science (cbeilstry, utheaatica, 
oceanography, systeu) 


5.8 


2.7 


18.6 


3.4 


13.6 


CoMunlcatlon and research skills, 
•Iscellaneous abilities and 
fonalized training 


21.2 


8.1 


34.3 


27.6 


45.5 
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TABLE 30. ADDITIONAL EDUCATION AND TRAINING NEEDED BV EMPLOYEES BY CURRENT OCCDPATION, 1978 
(PERCENT OF RESPONDENTS) 



Current Oeeapation 



Slill and Knowltdgc-Area- 

Knovledge of solar energy applications, 
technology and aarkec 

Analysis, design and evaluation of systeos 

Knowledge of unufacturlng techniques 

Knowledge of existing govemMnt prograns, 
policies^ SEandards and laws regarding 
solar energy 

&:onoilcs, econoaic analysis and 
assessient 

|[nowledge of construction nanagenent, 
cdncracttng, installattoii and 
lalntenance 

Harliecing and sales skills 

Hechanlcal engineering, theraodynanics 
and hydrodynaiics 

Other engineering 

Physics and optics 

Naoagcient 

Social science, other professional 

Other science (cheiistry, nathenatics, 
oceanography, systens) 

CiMiwnicatioo and. research skilh, 
ilScellaneous abilities and 
foraalized training 



Engineers 



Scientists 



_ Other _ 
Professionals 

- wmy - 



Technicians 
(N-40y- 



Skilled 

Crafts 



1.0 
59.4 
1.0 

2.1 
5.2 



0.0 
23.8 
0.0 

0.0 
14.3 



16.3 
47.3 
0.0 

5.4 
9.3 



10.0 
50.0 
0.0 

0.0 
0.0 



25.0 
20.0 
0.0 

0.0 
5.0 



7.7 



11.5 


0.0 


10.9 


5.0 


15.0 


10.5 


4.2 


0.0 


3.9 


0.0 


0.0 


3.1 


25.0 


33.3 


24.0 


20.0 


20.0 


24.8 


16.7 


38.1 


10.9 


40.0 


10.0 


17.1 


2.1 


28.6 


3.9 


20.0 


5.0 


6.3 


14:6 


28.6 


17.1 


20.0 


20.0 


18.2 


0.0 


0.0 


3.1 


0.0 


5.0 


1.7 


6.2 


0.0 


4.7 


0.0 


10.0 


4:9 


12.5 


19.0 


14.0 


10.0 


5.0 


13.6 



FRir 
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Table 31 presents the primary source of special skills and 
knowledge required by the job. Formal training and practical experience 
were the most frequently identified sources. 

A majority of respondents (63 percent), however, had not 
completed any formal classroom training programs or courses in solar 
energy. Less than half of the respondents working in R&D, manufacturing, 
marketing and distribution, and installation and maintenance had completed 
any formal solar programs or courses (Appendix Table C-39). 

Tabulations of the percentage of respondents who felt that their 
jobs required special skills or knowledge, and the percentage of respond- 
ents who completed formal solar training programs by phase of solar work, 
type of solar energy, industrial category of establishment, and type of 
solar work of establishment are presented in Appendix Tables C-39 
through C-42. 

Those respondents who reported that their job required special 
skills or knowledge were more likely to have completed formal solar 
training programs than those who did not feel that their job required 
special skills or knowledge. The relationship was significant beyond the 
5 percent level of confidence (Appendix Table C-43). 

Table 32 presents the most frequently taken subjects and their 
average duration. Most courses averaged between 20 and 40 hours. Appendix 
Table C-44 presents the subject matter and average duration of all reported 
solar training programs and courses. Table 33 indicates that 58 percent of 
these courses were provided by colleges or universitities. 

Employment Projections 

An objective of the study vas to develop and apply a methodology 
for projecting future employment in solar energy. Two separate projection 
methods were developed; one for forecasting R&D solar emplo3nnent, and one 
for forecasting commercial solar employment. Both methods were used to 
project solar employment for three years (to 1981) and five years 
(to 1983). The projecion methods and results are presented in Appendix D, 
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TABLE 31. PRIMARY SOURCE OF SPECIAL SKILLS AND KNOWLEDGE 
AS REPORTED BY EMPLOYEES, 1978 



-Source 


Percent of 
Respondents 
(N»393) 


Self study 


14.8 


Practical experience 


41.2 


Formal training 


44.0 
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TABLE 32. SUBJECT MATTER AND AVERAGE DURATION OF THE FOUR 
MOST FREQUENTLY TAKEN TRAINING PROGRAMS OR 
COURSES AS REPORTED BY EMPLOYEES, 1978 



Subject Matter- 


Number of Training 
Programs or 

Courses^^afeen 


Average Duration 
in Hours 


Solar Energy, general 


154 


19.9 


Space Heating and Cooling 


40 


29.9 


Solar System Design 


27 


23.8 


Thermodynamics/Heat Transfer 


16 


37.9 



So 
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TABLE 33. PROVIDERS OF SOtAR ENERGY PROGRAMS OR COURSES 



AS REPORTED BY EMPLOYEES , 1978 



Percent of Courses Taken 
Provider ~ (^'355) 

Employer 

Vocational or Trade School ^'2 
College or University 57.7 
Professional or Technical Society 16,1 
Government 

Manufacturer ^ * ^ 

Other 
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The projections of R&D solar employment were based on projected 
Federal funding of solar R&D and on the proportions of solar R&D 
expenditure5; which were Federally financed (as reported in Table 10). 
Each type of solar energy was treated separately. In deriving the projections 
it was assumed that R&D employes productivity will remain constant through 
1983, and that R&D productivity is not related to establishment size. 
Further assumptions were made with regard to the rate of decline in Federal 
involvement in R&D financing for each type of solar energy. 

The projections of commercial solar employment were, based on labor 
coefficients, defined in terms of labor-hours per unit of installed solar 
equipment. Only solar space heating and cooling, water heating, and 
industrial process hent were assumed to produce significant commercial 
employment by 1983. The employer survey did not provide information 
necessary to compute the commerical labor coefficients because companies 
considared sales data to be proprietary information. Estimates of the 
labor coefficients for production and installation of solar units were 
obtained from a small sample of companies. The available estimates of labor 
coefficients, as well as the estimates obtained and used in this study, 
are highly variable from company to company. The changing proportions of 
different t3rpes of collectors and concentrators used and productivity 
chariges were estimated to 1983. Projections of commercial solar equipment 
sales vere obtained from published sources. These sales forecasts were 
applied to the estimated labor coefficients to obtain the projections of 
commercial solar employment. 

Table 34 presents the projected changes in solar employment 
for R&D and commercial activities. Full- time equivalent R&D employment 
in projected to increase by 74 percent by 1981 and by 144 percent by 19S3, 
Commercial solar eirployment is projected to increase by 137 percent by 1981 
and by 20Z percent by 1983, The commercial employment projections agree 
closely with the average anticip-ated g^ins in commercial solar sales 
reported by employers for 1981 (134 percent) and 1983 (194 percent). 
Fuli-time equivalent employment for R&D ar:d commercial activities is 
projected to double by 1981 and nearly triple by 1983, based on projections 
of recent trends in Federal R&D funding and commercial solar sales. The 
overall projected increase by 1981 (102 percent) is slightly larger than 



Table %. PROJECTED CHAUGES IN FUii-IDiE EQDIVALEUT SOLAR EMPLOYMENT, 1978 



f^^. __ Percentage PTE Percentage 

Employment Eapioyient Change Employment Change 

Activity 1978 1581 1978 - 1981 1983 1978 - 1983 

f'^K 5,111 15,852 74.0 22,245 144.2 

Commercial 7,296 17,282* 136.9 22,120* 203.2 

Total 16,407 33,134 102.0 44,365 170.4 

Based on recent trends. 
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the percentage of additional solar jobs anticipated by employers by 1981 
(86 percent). Employer forecasts of additional jobs appear more conser- 
vative than their forecasts of additional solar sales.; This difference 
may be due to the employers* expectation of utilizing more of the time of 
current employees in solar work, or of using the existing production and 
installation capability more efficiently. Either alternative would result 
in fewer additional employees compared to increased sales. 

The projections in Table 34, based as they are on many assump- 
tions and limited data, should be regarded with caution. The projections 
can not anticipate technological breakthroughs in production and installation 
techniques, improvements in system cost-effectiveness, changes in incentives 
to purchase solar units, or major shifts in Federal funding of solar R&D. 
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eONGLUSIONS AND RECOM>IENDATIONS 



3ns 



Solar energy is a relatively new and developing energy field. 
Approximately 2,000 establishments (both private and public) are engaged 
in solar energy activities. About 70 percent of these establishments are 
private industry and construction contractors. Most of the establishments 
are small. Approximately 60 percent have 40 or fewer employees. Many 
establishments have only recently been formed. No single industrial 
classification dominates the field. 

Work is being conducted in many different types and applications 
of solar energy. Approximately 75 percent of the establishments are 
primarily engaged in work in space heating and cooling and water heating. 
Any one establishment, however, is frequently involved in many different 
types of solar energy and in many different phases of solar work. Approxi- 
mately half of all solar work currently is research aud development work, 
and approximately half of all solar employment is in research and development 
activities. 

Small establishments tend to be nearly 100 percent involved in 
solar energy work, whereas large establishments tend to have only a small 
percentage of their employees working in solar. Solar installation and 
architectural and engineering services are performed mainly by small 
organizations, and solar R&D is perform^id mainly by large organizations. 

It is estimated that about 22,500 employees were engaged in solar 
energy work (direct and indirect) in 1978. Not all employees worked full 
time in solar energy. The average hours spent on solar-related work, as 
reported by a sample of employees, was approximately 30 hours per week. 

The most frequently reported occupation in solar R&D activities 
is mechanical engineering. Approximate]" 40 percent of all employees en- 
gaged in R&D are engineers. The most frequently reported occupation in 
solar installation activities is plumbing/pipe fitting. :Icarly half of all 
employees engaged in installation are skilled crafts workers. Skilled and 
unskilled workers comprise over half of all employees engaged in other 
solar commercial activities. 
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Many solar energy jobs require special skills or knowledge con- 
cerning solar energy technology, the application of traditional skills to 
solar energy work, and combinations of traditional skills. However, new 
occupational specialties are rarely reported, and most employees must 
be capable of peffofiing traditional as well as purely solar work. 

Tne most difficult to hire solar occupations include engineers, 
atmospheric scientists, operations/systei^s researchers, and college/ 
university teichers. Ihe least difficult to hire solar occupations 
include clerical, unskilled, and skilled workers. 

Full-time equivalent employment in solar R&D is projected to 
increase :'4 percent by 1981 and 144 percent by 1983, based on projections 
of solar R&D funding. Full-time equivalent conraiercial solar employment 
(direct labor for production installation) is projected tc increase 
137 percent by 1981 and 203 percent by 1983, based on recent trends pro- 
jections of conmiercial solar equipment sales. Overall, full-time equiva- 
lent employment is projected to double by 1981 and increase by 170 percent 
bv 1983. 



Recommendations 

A series of five recomnendations are briefly presented below. 

Recommcr-^tion 1 

It is recommended that the Department of Energy conduct or 
support periodic surveys of establishments engaged in solar energy activities 
to determine employment and occupational distributions. The current study 
provides baseline information on employment and occupations. Much detailed 
information was obtained. Future surveys should not require the same amount 
of detail, and the reporting burden will t-erefore be less. The cur ent sur- 
vey should be updated every 2-3 years, based on the anticipated growth in 
employment. 

The current study provides a comprehensive directory of establish- 
ments engaged in solar energy activities. Because solar energy is such a 
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new field, establishments are entering and leaving the field at a high rate. 
The current list, therefore, should be updated periodically. It would also 
be helpful if additional identifying information such as establishment 
size, type of solar energy, and type of solar work (manufacturing, 
installation, education, R&D) were available on all establishments in 
the list. The additional information ^ould be used in contacting repre- 
sentative samples or special samples of establishments, and in evaluating 
the representativeness of respondents. 

The current study provides a system for collecting and reportin? 
data concerning solar energy manpower. Methods for improving the response 
of employers and employees should be developed. A larger, more representa- 
tive sample of employees should be obtained. 

Recommendation ? 

It is recommended that solar energy employees be identified in 
existing occupatir-nal surveys, such as z>e National Sample of Scientists 
and Engineers, sponsored by the Natic .al Science Foundation, the National 

Industry-Occupation Employment Sample, conducted by the Bureau of Labor 

_ _ . _ . . _ . _ _ * .. _ . _ . . 

Statistics, and other post-censal surveys. This can be accomplished by 

incorporating various energy identification questions into the surveys. 
The solar ensrgy questions should identify the type of solar energy tech- 
nology or application and the phase of solar energy work of the individual. 
This procedure would permit a more exact determination of the nuSSef and 
characteristics of persons engaged in solar energy work. 

Recommendation 3 

It is recommended that the Department of Energy obtain information 
concerning solar energ^^ manpower supply. The current survey provided esti- 
mates and projections of employment. Comparable information on supply is 



Under DOE support, scientists and engineers engaged in energy-related 
work are currently identified in the National Science Foundation surveys 
01 scientists and engineers and new science and engineering entrants- 
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needed to form a complete assessment of solar energy manpower. Informati< 
ihould be solicited from colleges and universities, technical institutes, 
vocational secondary schools, company or union training programs, and any 
other sources of solar energy manpower. The information solicited should 
include number of persons being trained in solar, curricula, placement, 
follow up, and sources of trainee support. 



Recommendation 4 

It is recommended that the Department of Energy obtain improved 
estimates of labor requirements for production and installation of different 
types of solar energy systems (primarily active solar space and water heat- 
ing systems). Although the technology ip this field is constantly changing, 
there is a critical need for more reliable and complete estimates from which 
manpower requirements can be derived. Rather than rely on industry esti- 
mates, a detailed process analysis should be co:.vaUCted for different types 
of installaLxons and different climates. The number and occupational distri- 
bution of labor (direct and support) required should be determined. Labor 
rates and required levels of experience should also be investigated. 



Recommencation 5 



It A 5 recommended that the Department of Energy obtain improved 
regional and state projections of future solar energy manpower and occu- 
pational needii. The current projections have been made on a national basis. 
In this fom r-:>±r utility is limited to aggregated, macro-economic and 
national polz^.y analyses. These data would be more useful to all levels of 
government li Lhey could be disaggregated by state. Most inquiries for 
information concerning future employment in solar energy will be couched in 
state or regional terms. 
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SURVEY QUESTIONNAIRES, SCREENING FORM 
AND COVER LETTERS 
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SOE- Cover Letter -for SmptoyeTi Questiamzaire 



Department of Energy 
Washington, D.C. 20545 



Dear Sir /Madam: 

The United States Department of Energy (DOE) has initiated a study to 
assess the present employment and utilization of solar energy manpower 
and to produce a methodology for estimating future manpower requirements 
in the solar energy field. Wa want to assure that the development of 
solar technologies can proceed without constraints caused by -.-anpower 
problems. Your participation in this survey will be of great assistance 
in establishing a data base for determining future needs for qualified 
personnel. 

DOE has requested Battelle's Columbus Laboratories, a private, not-for- 
profit research institute, to conduct this solar energy manpower assess- 
ment. The enclosed questionnaire is designed to gather the information 
needed to characterize present manpower utilization in solar and solar 
related energy areas and to project and characterize future manpower 
needs. Participation in the survey is voluntary; however, your coopera- 
tion in completing and returning this questionnaire will be of great 
usefulness in planning for the orderly development of the solar energy 
field^ if y are not the appropriate pt^rson within your organization 
to complete this questionnaire, please give this material to the 
appropriate person. 

Your response to the questionnaire will be combined with those of other 
reporting organizations. Infoinnation furnished by individual organiza- 
tions will not be reported or disclosed. Averages and other statistical 
measures will be used to characterize manpower requirements in soiar 
^^^8y» Your organization's responses to the questionnaire will be kept 
in complete confidence by Battelle and identifying information will not be 
released to DOE or any other party. 

Please return the completed questionnaire vithin two weeks. A stamped 
return envelope is enclosed for your convenience. Return of the question- 
naire will give Battelle *s Columbus Laboratories consent to use the 

provided only for the purposes and under the 

conditions described above. 

If you have any questions about the study or the questionnaire,, please call 
Ms. Sandy Newman at Battelle Laboratories, collect, (614) 424^5646. 

Thank you for your cooperation. 



Sincerely, 




Lawraucc G. Stewart 
Director _ 

Office of Educati'rn, Business 



and Labor Affairs 



Sent with Snployer QuBstzoKnczres . 



sows? ENERGY INDUSTRIES ytSSOCWTlON S^ t^ =7 T. 



Dear Sir or Madam: 

Working under a contract with the Department of Energy, the 
Battel 1 e Col umbus Laboratories are conducting a survey of the present 
status of manpower within the industry and future manpower require- 
mehts. The results of this survey should help in formulation of man- 
power training policies and assist in guiding them in directions which 
will be most advantageous to our industry. 

Accordingly, I urge you to invest the time needed to respond 
fully to the enclosed questionnaire. 

Cordially, 




/crc 
enc. 



S. H. BUn, President 
Solar Energy Industries Association 



#Baltel!e 

Columbus Laboratories 



OMB No. 38-S-77-O03 
Approval Expires 
June 30, 1979 



SOLAR ENERGY MANPOWER SURVEY 
EMPLO^XR FORM 



The mformation collected on this form will be held ii? strict confidence and will be 
used for statistical purposes only. The infonnation wiE only be ::^leas3d in a form which 
dbes not identify Ixiformation about any particular cigamzation. Your voluntary' coopefa* 
tion is needed to make the results of this survey comprehensive, accurate and timely. 
Rease return this questionnaire within 2 weeks. The enclosed return envelope requires 
no postage. 



1. Please make any corrections or s label. 



cc 1-6 

l-CC 7 



IN COMPLETING THIS FORM, PLEASE CIRCLE THE APPROPRIATE RESPONSE 
UNLESS INSTRUCTED OTHERWISE. 

2. Do you wish to receive a report on the findings of this survey? 

Circle the appropriate response. 1 . Yes 2. No cc s 



3. SCOPE OF SURVEY 

Data should be provided for a single establishment , defined as an administratively 
independent unit, together with any subdivisions, which may be phyScally 
separate but are administratively dependent upon the establishment. 

For the purposes of this survey, an establishment is considere i to be in solar or 
solar related energy work if it is engaged in any of the activities listed in the 
definitions on page 8. On this basis — 

Were any employees of this establishment engaged in solar or solar related energy 
activities during the pay period which included April 12, 1978? Circle the appro- 
priate response. 1. Yes 2. No. cc 9 

If you circled *Yes' please complete the remainder of the questionnaire. 

If you circled 'No' please return this questionnaire to avoid further correspondence. 
Thank you for your cooperation. 



TYPE OF ORCAMZAHON 
Which of the following best describes your establishment? Gircle one answer only. 
L Private industry or business (excluding construction contracting). 

2. Constniction contractor. 

3. Federal government. _ _ 

4 ^te or local eovcmment (excluding educational mstituuons), 

5; Private, nonprofit organizauon (excluding educational institutions). 

6. Educational institutions. 

7. Other (specify). — ^ — 



5. PRIMARY ACnVITY 



Examine the list of products and services presented below. What is the most miportant product 
or service provided by your organization? If your establishment is pan of a larger orpmizauon, 
circle the code number whidi best describes the primary activity of the larger ^ organiza^ 
tion. Otherwise, circle the code number which best describes the primary acuvity of your 
particular establishment. 

LIST OF PRODUCTS AND SERVICES FOR 
SELECTING PRIMARY A^TTVrTY 



Code 

01 
02 
03 
04 
05 

06 
07 
08 

09 

10 
11 

12 

13 

14 

15 

16 

17 
18 
19 

20 

21 
22 

23 



ProductioB^and Manufacturing 
Agriculture, forestry and fishing 
Mining 

General building contracting 
Special trade contracting 
Manufacture of food and kindred 

products 
Tobacco manufacturing 
Textile mill ^hoducts 
Manufacture of apparel and textile 

products 
Manufacture of lumber and wood 

products 

Manufacture of furniture and fixtures 
Manufacture of p: ^nd allied 
products 

Manufacture of ca-aicais and allied 
products 

Manufacture of petroleum and coal 

products 
Manufacture of rubber and plastic 

products 

Manufacture of leather and leather 
products 

Manufacture of stone, clay and glass 

products 
ftimary metals manufacturing 
Fabricated metal products manufacturing 
Manufacture of mcchinery. except 

electrical 

Manufacture of electric and electronic 

equipment 
Manufacture of transportation equipment 
Manufacture of instruments and related 

products 

Other manufacturing (specify) . 



Code Services 

30 Transportation, communication and 

public utflity 

31 Wnolesale or retail trade 

32 Finance, insurance and r«J estate 

services 

33 Personal services 

34 Business services 

35 R^P*^ services 

36 Educational services 

37 En^eering and architectural services 

38 Research services 

39 Public administration, including 

regulation 

40 Other services (specify) 
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6. SOLAR PRODUCTS OR SERVICES 

Which of the foiiowing types of soiar energy apply to your establishment? 
(The different types of solar energy are defined oh page 8;) Place a check 
mark (y/) next to all that apply. 



TYPES OF SOLAR ENERGY 



Space Heating and Cooling 


13 


Photovoltaic Conversion 


!8 


Water Heating 


- i4 


Wind Conversion 


19 


industrial Process Heat 


IS 


Biomass Conversion 


20 


Thermal Power 


16 


Other (specify) 


21 


Ocean Thermal Conversion 








17 







6.2 When you have completed Item 6.1, place a circle around the check mark (@) 
that represents the work activity in solar or solar related energy in which your 
establishment has the greatest number of employees. (This should typify your 
establishment's solar activity.) Only circle one check mark. 

6-3 Briefly describe the two principal solar related products or services which you 
sell Oi provide. Please use descriptive or generic words (such as flat plate 
collectors) rather than trade names. 



6.4 What percentage of your organization's work in solar energy is in solar research 
and development and what percentage is in commercial solar activities? (See 
definitions on page 8.) Your answer to this question should add up to 1009^. 



Research and Development 




Commercial Activities 




Total 


100% 



4 



7. EMPLOYMENT SUMMARY 

Data should be provided for a angle establishment and should relate te the payroll 
period which included Aoril 12, 1978. 

7.1 Total Employment. What is the total nuiiiber of employ ecs in your 

establishment? (Include all personnel whether or not engaged in ^ 

solar related energy activities) i 



7.2 Total Employment in^Qlar_Qr Sobr Related Energy Activities. Of 
the total number of employees reported above, how many were 
working in solar or solar related energy activities? 



cc 36-39 



cc 40-43 



8. NEW JOB SPECIAtlTiES 

8.1 Do your professional, technical, or skilled craft employees, working in solar 
energy, perfori^l tasks whi ii are substantially different from those traditionally 
performed? 



Circle the appropriate response. 1 . Yes 



2. No 



cc 44 



8.2 If you responded "Yes" to Item 8.1, briefly describe each new job in terms 
of the new tasks which are required to perform these solar ener^ jobs. 
Your description should reference the type of solar energy involved in the 
new or different jobs, and the new skills or knowledge required. 



DESCRIPTION OF THE NEW TASKS REQUIRED TO PERFORM SOLAR 
ENERGY JOBS 



JOB 1. 



JOB 2. 



JOB 3. 



JOB 4. 



cc 45-46 



cc 47-48 



CC 49-50 



CC 51-52 



FRir 



Oct 



5 



QCCUPAtlONAL EMPLOYMENT IN SOLAR OR SOLAR RELATED ENERGY 
ACTIVITIES 



(As of payroll period which included April 12, 1978.) 

From the list of occupational titles on p^ge 9, select the closest occupational titles 
which describe your professional, technical, and skilled craft employees who are 
working in s^Iar or solar related energy: Enter occupational titles in Column 1. 

Then for each occupational title, enter the number of employees in your estab- 
lishment in Column 2 who primarily work in solar research and development and 
in Column 3 the number of those who primarily work in commercial solar 
actrvifics. (Do not count an employee in more tnan one occupation or in more 
than one phase of work.) 

Then in Column 4 place a check mark (y/) in the row of each occupation listed 
m (Tolumn 1 where your establishment is currently having difficulty in Jiiring 
qualified personnel to fill budgeted solar related vacancies. Finally in Column 5, 
enter the estimated number of additional jobs which your establishment will add 
over the next 3 years, for *ach occupation which you listed in Column 1 . 



(1) 

OCCUPATIONAL 
TITLES 
(From Page 9) 


(2) 

RESEARCH 
AND 
DEVELOPMENT 


(3) 

NUMBERS IN 
eOMMERGIAL 
ACTIVITIES 


(4) 

CHECK IF 
DIFFICULT 
TO HIRE 


(5) 

ADDITIONAL 
JOSS 
1978-1981 


8-9 


IC-I3 


M-I7 


18 


19-21 
































- - 64-65 


66-69 


70-73 


74 






















J 

! 
i 
1 
























66-69 


70-73 


74 


7S-77 


AH Other Employees in 
Solar or Solar Related 
Activities (unskilled, 
clerical, etc.) 


8-11 1 


12-15 


16 


17-19 



cc d-21 



cc 22-35 



cc 36-49 



cc 50-63 

Dup I -0 
4-cc 7 



The total of these iwo columns sho»iId 
equal ihr number of employees reported 
in Question 7.2 



10. SOURCE OF FUNDS USED TO FINANCE SOUR ACnvmES 



For each type of solar energy work in which your establishment is engaged, indicate the percentage of support received 
from each of the sources shown in the columns. The sum of each row m which you make an entr should add up to 
1 00%. The different types of solar energy are defined on page 8. 



SOURCE OF FUNDS USED TO RNANCE SOAR AOWmES 



nPES^ SOUR ENERGY 




Space heating and cooling 


- - - 20-22 


23-2S 


2«-28 


4Mi 




Wa;er heating 










m 


Industrial process heat 












Thermal power 












Ocean ihcimai conversion 


68-76 


71-73 


74-7(5 


77-7^ 


m ' 


Photovoltaic conversion 












Wind conversion 










m 


Biomass conversion 












Other (specify) 










;B8& 
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I II. FUTURE COMMBEIAL SOLAR SAIS 

I Vfaat percentage ixiac2se or decrease in aDmmerdal solar sales (excluding research 
I md development) do^u anticip^e m 1579, 1 98 1 » aid 1983? U yom esmblish- 
1 affint currently has oonnnercial sair^ -rrtn the anticipated percentage daige from 
1978 in your establishmeRt's consDezsial solar sales for each of tire reqws£ed 
years. Use 197S as a toe eadi Use your establishmem/s usuad aDtmual 
fs.^ period and estnnare the percwuage change in constant 1978 dollars tLe., do 
not aUow for Mkt^n). Indicate ^ ^ercoitage mcrrase with a phis agn ^) and a 
j pexcentage dec=Bse wife a minus If your establishisent does isst have 

I CQTOHiercial sass, enter NA (not a; licafafe) in each box. 



ANlTCIE!ATED_Pg«CO^ CHANGE 
IN GCaJSElC -.L SOLAR SALES 
FF .^f i978 



1983 



cc 60-63 



3ANK ^SQD I WHIR COOPERATION 
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PEFPimONS 



Types td Solar faergr 

ilSg: the ^nsnnsSon and storage of solar tiiermal entiQ^ using; -snia t -oollccsars, 

transatrnKonedium, and storage facilities. Includes passive and active readesnoai -zin somxnerclai 
heatii^ isrsniing of hnnan, plant or animal shelters. 

Sdfar ^ter h^ig the transmission and storage of solar thermaiienergy osing solar caollectacs, lisax ex- 
, and sob: transmissioniinedium. Includes passive and active residential or v wiiiirri' \A satar 
: heating aK^wimming pool heating. 



faMi,,5tff*»* pTDceasiwa: the transcsission of solar thermal energy for various industrial applications using 
sobr collectors anr^ some transm'3sion inediimi. Indudes crop dryers. 

Tn&naLpower. tssruse of concBzrrat2ng:saiar collectors, heat absorbers, boilers, azar heat eocchangers, 
eaz^ te generate^ECtricily. hrrmdi^ ixaotiDn ^rstcms. 

ion: the ^ro^on of electticity by u of the traipcrature <ffierencc between 



siir&cr and verr tvaosr. 



Photgtritaic comeisiwn: the generate© of electricity by allowing snnligfat to iall upon two dissixnilar 
subszsices in wiai is. commonly saasr, a solar cell. 



Hfjapfl^eOTvecioT:: ihr fCMration c - Luwuiy throu^ liit use of marranr^ consLting of revolving blades 
Oir Atioils. 

Ko^g c(»veiam cultiv aTkr! vi-r ' rmnnical processing (via r=rirtation, pyrctfcssis, or ccmbus- 
tion> of tffirestrai '^r ^squatic -n ttie purpose of creating drs: energy, fuels, or chemical 

fee&tocks. 

Iteses fff Sft^^'^'^—d Solar-Related Work 

Ite em - S and tege i*|ii i i'-i it throre^zi or c^nerimeni^^ investi^tido&^ected toward the acquisition 
of ittv or fcltdsdcatific knowledge- of the subject studied, or syaEaatic application of scientific 
ktio^dedge dii==d toward the creation of ussw or substaitially imncved equipment. Processes, 
p«»cciuies, ancacdmiques in any area of socar energy; or prototystdesign and engineering of solar 
Hiefgy hardwa=SBmponents and/or systenrL. 

(}ftlMHierdal 



tire meclMical or chemicafct transformation of maceriais i-ato components designed 
ificaHy for anpiication in a solar ener^v system; also, the a5wnfaiy of solar components and 
matedals into solar energy systems. 



ing:and Kstribution: the process at estimating the demanc for a product, promoting the 
pmxiuct^jtiansporting the product and seScng the product. 



ation and Maintenance: specialized activities, such as plumbing, electrical ^fc-iring, metal and 
working, etc., requi^ to emplace or prepare solar energy components and/or systems for 
actual operation; also, specialized repair services required to locate or correct failures in com- 
yments and/or solar energy systems. 

i^r Commercial ActivitiesL- customer design, routine product testing and quality control, engi- 
[ng and consulting services to licensees, experimental work needed for patent litigaacn, etc. 



Er|c - _ J9S 
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LIST OF OCCUFATIONS 



£S?S£Mg£fty - Persons engaged in engi- 
neering work which requires at least a 
bachelor's degree, or its equivalen: in edu- 
cation and experienc 

Agricultuial Engineers 
Architectural Engineers 
Qvil Engineers 

Electiical and Electronic Engineers 
Industrial Engineers 
Mechanical Engineers 
Metallurgical and Materials Engineers 
Other Engineers - specify 

SCIENTISTS — Persons engaged in 
scientific work which requires at least 
a bachelor's degree, or its equivalent in 
education and experience. 

Agricultural Scientists 

Atmospheric Scientists and Meteorologists 

Biological Scientists 

Chemists 

Computer Specialists 
Earth Specialists 

Marine Scientists and Oceanographers 
Mathematicians and Statisticians 
Physicists and Astronomers 
Other Scientists - specify 

OTHER PROFESSIONALS - Persons en- 
gaged in work, other than science and engi- 
neering, which requires at least a bachelor's 
degree, or its equivalent in education and 
experience. 

Architects 
Economists 

Operations and Systems Researchers and 

Analysts 
Urban and Regional Planners 
College and University Teachers - specify 

subject 
Construction Managers 
Managers of Scientists, Engineers, and 

Technicians 
Other Profef>sionaI Occupations - specify 



TECHNICIANS - Persons engaged in tech- 
nical work in science or engineering, which 
requires some post-high school training, 
but less than a bachelors degree. 

Agricultural and Biological Technicians 

Chemical Technicians 

Electrical and Electronic Engineering 

Technicians 
Industrial Engineering l.^chnicians 
Mathematical Technicians 
Mechanical Engineering Technicians 
Other Teciipicians - specify 

SJ&±LED CRAFTS A.\D OPERATIVES - 
Persons engaged m the operation ;/ indus- 
trial equipment, or in a craft or manual 
occupation, which requires a high degree of 
manual dexterity and independent judgment. 

Asbestos and Insulation Workers 
Air-Conditioning, Heating and Refrigera- 
tion Workers 
Boilermakers 
Carpenters 

Cement and Concrete Finishers 

Electricians 

Glaziers 

Heat Treaters, Annealers, and f emperers 

Heaters, Metal 

Machinists 

Mechanics 

Metal Molders 

Metal Platers 

C^ticians, and Lens Grinders and Polishers 

Pattern and Model Makers 

Plumbers and Pipe Fitu^rs 

Precision Machine Operatives 

Riveters and Fasteners 

Rollers and Finishers. Metal 

Roofers and Slaters 

Sheetmetal Workers and Tinsmiths 

Solderers 

Structural Metal Craftsmen 
Tool and Die Makers 
Welders and Flame-Cutters 
Other Craft and Operative Occupations - 
specify 



Sc^telle Cover Zettep-to Sepzg^ 
Employers ExplaiitiTU^ Brrploy^ QuBsttartyuz^ts. 




Colurabos taboratortes 

3C5 KiQg Avenue 
Columbus. Ohio 43301 
Te)eptenef^14) 424-M24 
T^iex 24-5454- 



Dear Sir or iiadan: 



Thsiik you far your response to Battell - ' s Solar 
I am pleased that you have supported cur error 
lishment data- At the completion of rr^ studr 
with the resulrs of the survey, and a rnporr 
solar energy manpower requixements. 



.^\ergy -^^rrpower Survey, 
-^f^'r y c -zii time and estab- 
air^.^ will provide you 
^ 77 rndicare projected 



I am soliciting your further support to obcar:- ojs^^e det^^iled daxa on the 
characteristics of persons working in the ^ojj r ene^rgy field. Your role 
in this phase of Battelle's study will be ro A^tz 3. CTnple of employees 
who will receive a survey form on their work ar-fci ^^er^-^nce, snd to forward 
the enclosed material to the person or pernors sel^ccfec. As with the 
Employer Form you completed, employee res pcmiies -atlll anonymous • Further- 
more, no where in our report will replies frwa: y. ur ^ssloyees be associated 
with your organization. 



Employees 'selected are to send their forms c 
you will not be responsible for gathering an 
the event that forms are not returned by emp 
tribute follow-up letters to the employees ^ 



CO Hattelie; therefore, 
niag any materia;-.. In 
ask that you dis- 



Instructions for sampling employees and disir'i^- ./ 
along with the appropriate number of survey ^j-^*"-:-- 
reviewing the instructions you will lend yoc 
study. Thank you in advance for your assis::^ 



irials are enclosed 



I hope that after 
^ue4 support to this 



Sincerely, 




Girard W. Levy 
Project Director 



GL:kc 
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number of solar enerj.y employees bf your establisiment x.as reported 
^ ^® — . - - ^ order to Insure a random sampling of these cmDlo3rees, 
-^^ease follow cjse siiaple procedure below* 

_ List tne names of J^our solar energy employees aiphat^.tically, 

or use an already exisrirrg l-' ^i- ig of these employees Csuch as a payroll 
Ii.st, departmenr /-division mer^sr^hip roil, badge number list, etc*). 

2. Select ___ en5>xoye£& ±rnzi t If^c. These employees should 

correspond to the following -jrDszzzxzms in tthe list: 



3. Distribute one package of materials to each employee selected. 
Instructions for completing aiui returning the forms directly to Battells 
are enclosed in the package. 

For your own inf ormat:^s3n, please keep a listing of p^^rsons 
receiving th e materials , the sipsze above is provided for that purpose . 
Po not give employees names to ^ttelle, or mark them on the forms. 

4. Forms are to be fillec out and returned to Battelle witnin txjc 
weeks* 



THANK YOU YOUR COOPERATION. 



Note: The inmher of employees woe selected according to We samplzng 
ptan shown in Table I. The ordindZ positions in the list were randomly 
selected. 




i02 




lUF Oover Letter ^op- Sw'bsvse Suesiionacdzre 



Department of Energy 
«r«hington. D.C. 20^5 



Deiar £ir/Madam: 

Th- ni=Lted States Department of Energy (BSE) has begun a srudy ro 
des^^e the jobs in the solar energy field, and to antictpate future job 
nee^. We want to make sure that enough adequately tralaed people will 
be- aiailable to develop and use solar energy to its full potential. 

DC: has asked Battelle's ColOTbus Laboratories (a no t-fo=:-prof it research 

1 -itute) to conduct this study. They have prepared same questions 

£ your present job and your training. Answering the questions is 
^- .imtary. Because you work in a solar energy job, your answering and 
--- -urning the questionnaire will be of great help to us. 

■your answers vill be kept in complete confidence. They will not be shown 
^ your emt)loyer or any other party. Your answers will be combined with 
z=iose of other employees. Your name will not appear in any report. 

Please return the completed questiomaire as soon as possible * but within 

2 weeks at the latest. A stamped return envelope is enclosed for your use. 
Return of the completed questionnaire gives permission for use of the 
answers only for the purposes and under the conditions which have been 
described . 

If you have any difficulty understanding or answering the questions, 
call Ms. Sandy Newman at Battelle Laboratories, collect, (614) 424-5646. 

Thank you for your cooperation. 

Sincerely, 




J Stewart 
Director 

Office of Education, Business 
and Labor Affairs 
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Cbiofflb'js Laboratories 



QMB No. 38-5-77-003 
Approval Expires 
June 30, 1979 



BTPLOYEE FORM 



The infonnation collected on tins forrr: will be held in strirr confidence and will be used 
for st a ti stical purposes oifly. The ^^mzatton will only be released in a form which does 
not identify information about any paiticrdar person. Your voluntary cooperation is 
needed to make the results of thisascrvey comprehensive, accurate and timely. Please 
letivn this questionnaire within 2 weks. The return envelope requires no postage. 
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IN COMPLETING THIS FORM. PLEASE CIRCLE YOUR ANSWER UNLESS 
INSTRUCTED OTHERWISE. 

1. is any portion of your currnit work in solar or solar related energy? 
(See definitions oh page 8. 

Circle your answer. 1, Yes 2. No 

If you circled *Yes\ please -compiete the remainder of the questionnaire. 

If you circled *No\ please return this questionnaire so that our records will be 
complete. Thank you for your cooperation. 



2, How old are you (in years as of your most recent birthday)? 
Fill in your age in the box - . - . . []3 113 



3. Sex: Circle your answer. 1. Male 2. Female 



4. What is the total number of years that you have been employed in solar or 
solar related energy work? RH in the number of yeaS in the box. 



5. What was your occupation before working in solar energy? Write your response 
in the space provided. Please be as si>edfic as possible (for example, electrical 
engineer rather than just engineer). If you were a student, write in "student". 
If you had no occupation, write in **none". 



cc 1-7 
1><C 8 



cc 9 



cc 10-11 



cc 12 



cc 13-14 



w *^ 



cc 15-16 



2 



6. From the Ust of occupations below select the one which best describes your 
cuirent occupation, and circle the code hnmber; If your occupation is not listed 
dioose the closest "other" category and cirde the code humbCT. Be sure to 
dhpose the occupation that you are currently woricing in, even though it may be 
different from the occupation which you were trained for. 



PReFE^fMjAfc AND TECHNICAL OCCUPATIONS 



VOOC 




Cbde 




01 


Agricultura] engmeeis 


20 


- _ 

Ardiitects 


02 


ArdiitectUTal engmeers 


21 


Economists 


03 


Qvil engineeTS 


22 


Operations and systems researchers 


04 


Bectncal and dectronic engineeis 




and analysts 


05 


Industiial engineeis 


23 


Urban and regional plaxmers 


06 


tiedanical engineeis 


24 


G>Ilc^e and university teadiers 


07 


MetaSui^dl engiceeis 


- 


(sdar energy rdated subjects) 


06 


O^er engineers 


25 


Construction managers 






26 


Manners of scientists, engineers. 


10 


Agiicultural scientists 




and technicians 


11 


Atmo^eiic scientists and 


27 


Other profes^ona! occupations 




meteorologists 






12 


Biolo^cal scientists 


30 


Agricultural and biologic^' 


13 


Chemists 




technicians 


14 


Computei specialists 


31 


Qiemical technicians 


15 


Earth scientists 


32 


Dectrical and electronic engineering 


16 


Maiine scientists and 




technicians 




oceanographeis 


33 


Industrial engineering technicians 


17 


Mathematicians and statisticians 


34 


Mathematical ehpneering technicians 


18 


Physicists and astranomeis 


35 


Mechanical engineering technicians 


19 


Othei scientists 


36 


Other technicians 



SklU^ CRAFT AND OPERATIVE OCCUPATIONS 



Code 




Code 




SO 


Asbestos and insulation workers 


63 


Opticians, and lens grinders and 


SI 


AiT'-conditioning, heating and 




_ polishers 




refrigeration workers 


64 


Pattern and model makers 


S2 


Boflermakers 


65 


numbers and pipe fitters 


53 


Carpenters 


66 


ftedsion machine operatives 


54 


Cement and concrete finishers 


67 


Riveters and fasteners 


55 


Electricians 


63 


Rollers and finishers, metal 


56 


Giaziers 


69 


Roofers and slaters 


57 


Heat treaters, annealers, and 


70 


Shcetmeul workers and tinsmiths 




tcmperers 


71 


Solderers 


58 


Ifeaters, metal 


72 


Structural metal craftsmen 


59 


Machinists 


73 


Tool and die makers 


60 


Mechanics 


74 


Welders and flame-cutters 


61 


Metai motders 


75 


Other craft and operative 


62 


Metal platers 




occupations 



ERIC 



Of your total work activities for your solar energy employer during the week of 
June 11-17, 1978. indicate the number of hours that you spent in solar or solar 
related work activities, and the number oLhours that you ^ent in honsolar work 
activities. 





Hours Worked in 






the Week of 






June 11-17, 1978 




iSolar or solar related activities 




cc 19-20 


Nonsolar activities 




ce 21-22 


TOTAL 




CC 23-24 



8. Place a check (V) in the box or boxes which represent your present work acti^ties 
m solar or soJar related energy. You may check as many as apply to your work. 
Then circle the check ( ^ ) that represents the one area in which you spend most 
of your time. (Only one check should be circled.) 




Space heating and cooling 


, _ -21 


26 


27 


28 


29 


3b 


Water heating 














Industrial process heat 














Thermal power 














Ocean thermal conversion 














niotovoltaic conversion 














Wind conversion 














Biomass conversion 














Other (soecifv) 















cc 31-36 
cc 37-42 
cc 43-48 
cc 49-54 

cc 55-60 
cc 6t-66 
cc 67-72 
CC 73-78 
cc 79-8 0 
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9, What is the highest level of formal education that you have completed? 


Circle only one answer. 




I. Less than lugn school 




2. High school diploma or equivalent 




3. Some college, but no degree 




4. Associate or technical degree 




5. Bachelor^s degree 




6. Master's degree 




7. Ph.D., Ed.D., M.D. 




St nthpr ^'^ecifvl 










10. Indicate vour major field of study for your highest level of education by circling 


the number in the list below. If your major field of study is not listed, choose 


the closest other category (30, 60 or 61) and explaLn below. If you have not 


participated in a formal edu^tibhal program beyond the high school level, circle 


70 below. 






Fidds of Study Leading to Bachdor^s or H^er Degrees 




Biological and agricultural science 


20 Architecture and architcaural 


02 


Atmospheric science and meteorology 


engineering 




dicmistry 


21 Civil engineering 




Physics and astronomy 


22 Electrical and electronic engineering 




Earth science 


23 Industrial engineering 


UO 


Ckeanography and marine science 


24 Medianical engineering 


07 


Mathematics, statistics, and 


25 Metallurgical and materials 




computer science 


engineering 


10 


Education 


m Other f specify^ 


11 


Management and business 




12 


Arts ard humanities 




13 


Health and medical science 




14 


Social and behavioral science 




15 


Economics 




16 


Urban and regional planning 






Fidds of Study mdjQccupational Training 




Bdow^e Bachciori^Dcgrec 


40 


Computer programming and data 


50 Biological and agricultural technology 




processing 


51 Oicmical technology 


41 


Drafting and design 


52 Physical science technology 


42 


Air-conditioning, healing and 


53 Statisiical and computational 




refrigeration technology 


technology 


43 


Civil engineering technology 




44 


Electrical and electronic technology 


60 Formal skilled craft and operative 


45 


industrial engineering technology 


training and study (specify) 


46 


Mechanical engineering technology 




47 


Metallurgical and materials 


61 Other fsoecifv) 




technology 


70 Not applicable - no post high school 






training 
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11. Do you feel that a person doing your work would require special skills or 
knowledge? 

Circle your answer. 1 . Yes 2. No 

If you answered *Yes\ briefly list these skills or knowledges. 



cc 12 



cc 13-14 



cc 15-16 



cc 17-18 



17. If your answer to item 11 was *Yes\ circle the number of the most important 
source of these special skills or knowledges. 

1. Self study 

2. Practical experience on the job 

3. Formal training programs or courses 

(e.g., employer sponsored courses, 
college courses, professional society 
sponsored courses) 



cc 19 



13. Have you completed any formal classroom training programs or courses in solar 
or solar related energy? 



Circle your answer. 1. Yes 



2. No 



cc 20 



course by placing a check (V) in the appropriate column. 



WHO CONDUCTED 
THE COURSE? 
(Check One For 
Each Course) 



TITLE OF TRAINING PRO GRAM OR COURSE 




21-22 



23-24 



cc 25 



26-27 



28-29 



cc 30 



31-32 



33-34 



cc 35 



36-37 



38-39 



cc 40 



41-42 



43-44 



cc 45 



4 ^-47 



48-49 



cc 50 



51-52 



53-54 



cc SS 



56-57 58-59 



4^ 



cc 60 



ERIC 



16. If your answer to question 15 was 'Yes\ briefly describe the professional certifi- 
cation or joumeyrriari licensing which you have that is related to the work you 
do in solar energy. 



cc 62-63 



17. What percent (to the nearest 10%) of your work time in solar or solar related 
energy do you estimate is spent in: 



Work in which you feel you need more education and 
training than you have. 




Work well suited to your education and 
training. 




Work requiring less education and training than 
you have. 




Your answer to this question should add 
up to 100% TOTAL 


100% 





18. If you feel you need more education and training for your work in solar energy, 
please describe the desired subject matter in detail: 



cc 73-74 



THANK YOU FOR YOUR COOPERATION 
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DEFINITIONS 
Types of Solar Energy 

Space heating and cooling: the transmisrion and storage of solar thermal ener©^ using solar collectors, some 
transmission medium, and storage facilities. Includes passive and active re^dential or conmiercial solar 
heating or cooling of human, plant or animal shelters. 

Sola^^ter heating: the transmission and storage of solar thermal energy using solar collectors, heat ex- 
changers, and some transnfi^on medium. Includes passive and active residential or commercial solar 
water heating and swimming pool heating. 

industrial process heat: tiie transmission of solar thermal ener^r for ^rious industrial applications using 
sdar collectors and some transmission medium. Includes crop dryers. 

ItemaL power: the use of concentrating solar collectors, heat absorbers, botiers, and heat exchangers, etc., 
to generate electricity. Includes irrigation systems. 

Cteean4hegmai conveision: the generation of electricity by use of the temperature difference between 
surface and deep water. 

Photovoltaic converaen: :he generation of electricity by allowing suiflight to fall upon two dissimilar 
substances in what is commonly called a solar cell. 

Wmd conversion : tiie generation of energy tiirough the use of machines consisting of revolving blades or 
airfoils. 

Biomass conversion : the cultivation and chemical proceSng (via fermentation, pyrolysis, or combustion) 
of terrestrial or aquatic plants for the purpose of creating direct energy, fuels, or chemical feedstocks. 

Pha» of Solar and Solar>Related Energy Wori c 

Research and Development: theoretical or experimental investigations directed toward tiie acquisition of 
new or fuller scientific knowledge of tiie subject studied, or ^stematic application of scientific kno^edge 
directed toward the creation of new or substantially improved equipment, proce»es, procedures, and 
techniques in any area of solar ener©^; or prototype design and engineering of solar energy hardwar.^ 
components and/or systems. 

Manufacturing: the nechanical or chemical transformation of materas into components designed 
specifically for application in a solar energy system; also, the assembly of solar components and other 
materials into solar energy systems. 

tericeting and Distribution: tiie process of estimating the demand for a product, promoting the product, 
transporting the product and selling the product. 

Installatidii and Maintenance: specialized activities, such as plumbing, electrical wiring, meUl and glass 
working, etc., required to emplace or prepare solar energy components and/or systems for actual 
operation; also, specialized repair services required to locate or correct failures in components and/or 
solar energy systems. 

Other Commercial Activiti^: customer design, routine product testing and quality control, engineering 
and consulting services to licensees, experimental work needed for patent litigation, etc. 
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Screening Questionnaire 



dBattelie 



Columbus Laboratories 
SOS King Avenue 
Columbus. Ohio 43201 _ 
Telephone (614) 42<:-^24 
Telex 24-5454 



Dear Sir or Madame: 

The Un±ted States Department of Enerjgy (DOE} ±s planning to conduct a survey 
of empioymeht in the field of solar energy. If your organization is engaged 
in work in any field of solar energy (including space heating and cooling, 
solar water heating, industrial process heat, thermal power, ocean thermal 
converjs ion, photovoltaic conversion, wind conversion, or biomass conversion) 
we would like you to participate in the survey. In order for us to know 
whether or not your organization's participation is appropriate, would you 
please answer five simple questions on the reverse side of this letter, and 
return it to us as soon as possible? 

if you agree to participate, you will be provided with the results of the 
survey, and a report which will indicate projected manpower requirements 
in industry, as well as in each area of solar energy. 

If your organiz ation is not engaged in work in any field of solar energy, 

just check here j | , and return this letter to us in the envelope provided. 

You heed not complete the questions on the reverse side, and no further 
contact will be made. It is important for us to receive a response from 
each organization contacted in order to avoid further unnecessary contacts* 

Answering the questions is voluntary^ however, your cooperation is important 
in planning and conducting the survey. Responses to the questions will be 
combined witk those of other respondents. Information furnished by individual 
orgahizaflons will be kept in stri confidence, and identifying information 
will not be reported or disclosed. 

Return of this questionnaire gives us consent to use the information provided 
only for the purposes and under the conditions described above, A stamped 
return envelope is enclosed for your convenience. 

Thank you for your cooperation. 



Sincerely, 




ERIC 




(cc 1-6) 



1* IBiich of the following types of solar energy apply to >our organization? (See 
tlbe attached definitions.) Place a check mark (✓) next to all that apply. 

Space Heating and Cooling. ....... 

Solar Water Heating . 

Industrial Process Heat. . 

Thermal Power. ........ 

Ocean Thermal Conversion ........ — 

Photovoltaic Conversion ^ 

wind Conversion* 

Biomass Conversion ..... 

Other (specify) -|_5j 

If your or ganiza tion is not engaged in work in any type of solar energy, 
check here 1^ . You need not complete the remaining questions and 
further contact will not be made. 

2. What is the total number of employees in your establishment? (Include 
all .personnel whether or not engaged in solar or solar related energy 
activities) • • • • • '^(cc 16-19) 

3. Of the total number of employees reported above, how many are working j 
in solar or solar related energy activites?. I 

(cc 20-23) 

4 .Would you be willing to answer a iore detailed questionnaire about your organi- 
* ' zation's work and jobs in solar energy which might take 30-45 minutes of your 

(cc 24) 



time? 



Yes 
No 



5. If you are not the appropriate person in your organization 

de-.ailed information, to whom should the more detailed questionnaire be addressed. 



derailed information, 
NAMEU 



TITLE 



ADDRESS 



CITY, STATE, ZIP CODE_ 



AREA OJDE, PHONE NO. ( i_ 



THANK YOU FOR YOUR COOPERATION 
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Solar Energy Definitions Sent with Screening Form 



DEFINITIONS 



Types of Solar Energy 



Space heating and cooling : the transmission and storage of solar thermal 
energy using solar collectors, some transmission medium, and storage 

_ ^^^-^^^^ passive and active residential or commercial solar 
heating or cooling of human, plant or animal shelters. 

Solar water heading : the transmission and storage of solar thermal energy 
using solar collectors, heat exchangers, and some transmission medium. 
Includes passive and active residential or co^ercial solar water heating 
and swimming pool heating. 

Industrial process heat: the transmission of solar thermal energy for various 
industrial applications using solar collectors and some transmission medium. 
Includes crop dryers. 

Thermal power : the use of concentrating solar collectors, heat absorbers, 
boilers, and heat exchangers, etc. to generate electricity. Includes 
irrigation systems. 

Ocean thermal conversion : the generation of electricity by use of the 
temperature difference between surface and deep water. 

Photovoltaic conversio n: the generation of electricity by allowing sunlight 
to fall upon two dissimiliar substances in what is commonly called a 
solar cell. 

Wind conversion : the generation of energy through the use of machines con- 
sisting of revolving blades or airfoils. 



Biomass conversion : the cultivation and chemical processing (via fermentation, 
pyrolysis, or combusion) of terrestrial or aquatic plants for the purpose of 
creating direct energy, fuels, or chemical feedstocks. 



Battelte Ciwer Setter- — - - 

<md Em>loi4^e Questionnaire^ ^Wp i^QII^H^ 



Coicimbus laboratories 
505 iCing Av^ttae 
Columbus. Ohio 43201 
Telephone (614) 424-M24 
Telex 24-5454 



D<=»ar Sir or Madam: 



Thank you for responding to our initial inquiry concerning solar or solar 
related energy. At that time you indicated a willingness to complete a 
more detailed questionnaire. The enclosed questionnaire is designed to 
gather the information needed to characcerize present manpower utilization 
in solar and sojar related energy areas 3nd to project and characterize 
future Qiinpower needs. Participation in the survey is voluntary: however, 
your cocperaticn in completing and returning this questionnaire will be of 
great usefulness in planning for the orderly de-v^opment of the sol?.r 
energy field. 

Your response to the questionnaire will be combisESd witn tnose of ot'r.er 
reporting organizations. Information furnished hy individual organiza- 
tions will not be reported or disclosed. Aver agas and other statistical 
measures will be used to characterize manpower rcquire^rents in solar 
energy. Your organization's responses to the questionnaire will be kepc 
in complete confidence by Battelle and identifying informaricn will not 
be released to DOE or ^y other party. 

Please return the completed questionnaire within two weeks. A stamped 
return envelope is enclosed for your convenience. Return of the qu-sstion- 
aaire will give Battalia's Golurius Laboratories concert to use the informa- 
tion which you have provided only for the purposes and under the conditions 
described above. 

I ^ soliciting your further support to obtain more detailed data on the 
characteristics of parsons working in the solar energy field. Your role 
in this phase of the study will be to sjelect a sample of employees who will 
receive a survey form on their work and experience, :ind to forward. the 
enclosed material to the person or persons s^lecTPc^ as with the feployer 
Foro enclosed, eroployae responses will be anonymous, rurtherraore, no vhere 
in our report will replies rrbm your employees be ac^sociated with your 
organization. 

Employees selected are to send their forms directl- to Battelle: therefore, 
you will not be responsible for gathering and retiirrtittg any material. In 
the event that forms are not returhed by employe^., ask rhaL you distri- 
bute foilow-up letters to the e*npl6yees selected. 



Instructions for sampling employees and distributing materials are enclosed 
along with the appropriate number, of _ survey packages. I hope that after 
reviewinjg the instructions you will lend your continued support to this 
study. 

If you have any questions about th^ itudy ox the questionnaire, please 
call Ms. Sandy Newman at Battelle 1 -borr^tories, collect, (614) 424^5646. 

Thank you again for your cooperat: 

Sincerely, 



Girard W. Levy 
Project Director 




GL:kc 



BattetZe Cover Lett^p 
Used in Follow Vp 




Columbus tabordtones 
50S. kiOK ^vj^nur 
Columbus. Ohio 43X»1 
Te!ephy)ne ;614 424.74 U 
Telev 24-S454 



Dear Sir or Madam: 

The United States Department of Energy (DOE) has initiated a survey to 
assess present employment and utilization of solar energy manpower. 
Battelle Columbus Laboratories is conducting the survey for DOE* Several 
weeks ago you were sent a_ questionnaire requesting information on your 
activities in solar or solar related energy. The information sought 
is needed to describe the current and future manpower needs in the solar 
energy field. 

The number of organizations involved in this field is small, and it is 
therefore important that we obtain your input, which has not arrived at 
this writing. Even If your organization is not involved in solar or 
solar related energy activities, it is essential for us to have that 
information. 

Would you please take just a few minutes to complete and return the 
enciraed questionnaire (a duplicate of the original questionnaire)? 
A business reply envelope is enclosed for your convenience. If this 
request for information should be directed to another person in your 
organization J please forward this letter and form to him/her. All 
responses will be kept confidential. 

If you have any questions concerning this study or completion of the 
questionmire, please call collect: Ms. Sandy Newman (614) 424-5646. 
Th^k you for your cooperation. 

Sincerely, 




Glrard W. Levy 
Project Director 



GL:kc 
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APPENDIX B 



r£Spqnse^^ah:»- establishment population, 
and nonresponse bias 



This appendix contains additional details on the survey response 
rate, estimation of the establishment population, and analyses of possible 
nonresponse bias. 

Response Rate ' • . ^ 

The sampling frame for establishments consisted of 2849 
employers. This number was reduced by 292 establishments due to mail 
returned undeliverable and no current telephone listings for resend or 
telephone contact. A total of 1230 establishments did not respond to the 
mail survey. Thirteen establishments responded, but refused to provide 
any information concerning their solar energy activities or employment. 
A total of 1314 establishment responses was received, representing 46 
percent of the establishments in the sampling frame, and 51 percent of 
the establishments contacted. Of the 1314 respondents, 285 reported they 
were not engaged in any type of solar energy work. A total of 466 estab- 
lishments completed the short screening form only, and 563 completed the 
longer employer questionnaire. It should be noted that some respondents 
did not answer every question in the questionnaire. 

Table B-1 presents a complete analysis of the response rate, 
including a breakdown for Group 1 and Group 2. An overall response rate 
of approximately 64/ percent was achieved for the Group 1 establishment 
sample. 

A total of 1254 employee questionnaires was sent to establishments 
(see Table B-1). Seven establislSents refused to distribute a total of 20 
employee forms. Other establishments were never sent employee forms because 
of missing information on number of solar employees, and still other establish- 
ments may have failed to distribute forms without informing Battelle. A total 
of 483 employee questionnaires was returned, representing approximately 
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Eiployers, total 
Croup 1 
Group 2 



Eiploym, total 



TABLE B-1. mm RESPONSE ittTE FOR EHPlOyER M Wm PSTWIRES, 1978 



Stipliog Saiple 
Fraie Size 

II 



2849 



(162) 



1254 



Freiuacd 

. CoQtacts 
(Not Ketumed) 



I 

-I 



255; 89.8 
i 89.] 



1693 90.0 



(91) 58.2 



Refusals 



n 0.5 0.5 
6 0.6 0.; 



7 0.4 0.4 



(4) 2.5 4.4 



20 1.6 



No Solar 

N ^ K 
" a b 



285 10.0 11.1 
123 12.) 14.2 



162 8.6 9.6 



(30) 18.5 33.0 



3 0.2 " 




354 36.6 41.0 



209 11.1 12.3 



46.1 51.4 

56.1 63.5 

i5 40.J 45.2 

(87) 53.7 95.6 



480 38.3 



a ' idtaiUles percentages based on tlie sanple size (N^) 

b - identifies percentages tased on the ntiober of |)resuned contacts, 
i.e., mail not returned (N|,) 
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38 percent 5f ^he forms sent. Of the employee questionnaires returned, 
3 employees were not engaged in solar or solar related energy work 
activities. 

Also shown in Table B-1 is the response rate for the Group i 
nonrespondent follow-up sample of establishments. 



Estimates- xxf the Es^tafelishment Population 

The estimated number of establishments in the sampling frame 
was computed based on the 2557 presumed contacts out of the 2849 establish- 
ment names in the sampling frame. The one standard error estimate is 
2557 + 16 establishments. Not all of these establishments were engaged in 
solar energy work. An estimate of the number of establishments engaged in 
solar energy work was obtained by using the proportion of Group 1 novire- 
spondents found to be engaged in solar energy work (.67) and applying this 
proportion to the establishments in the sampling frame which had not 
supplied any information concerning whether or not they were engaged in 
solar energy work (1139). The number of establishments known to be engaged 
in solar energy work based on their response to the questionnaires and tele- 
phone calls (1103) was then added to the estimate. The two-standard error 
estimate for the number of establishments in the sampling frame engaged in 
solar energy work in 1978 is 1867 + 65. This estimate was used to compute 
the estimated total employment in solar energy in subsequent analyses. 

Analysis of Possible Nonresponse Bias 

Three types of analyses were conducted to detect possible non- 
response bias. In general, the results of these analyses were negative, 
indicating little or no difference between respondent and nonrespondent 
establishments . 

The first analysis involved a comparison of respondent and all 
nonrespondent establishments in terms of geographic distribution. Table B-2 
presents the geographic distribution of all establishments in the sampling 
frame. The distribution of respondents and nonrespondents was not statis- 
tically different at the 5 percent level of confidence. 
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TABLE B-2. GEOGRAPHICAL biSTRiSurT.ON OF 
ESTABLISHMENTS, 1978 



Respondent 
Establishments 



Nonrespondent 
Establishments 



Total 
Sampling 
Frame 



Region 


N 


% 


N 


% 


N- 




i 


77 


13.7 


323 


14.1 


400 


14.0 


ii 


63 


11.2 


246 


10.8 


309 


10.8 


ill 


• • ' 71 


12.6 


298 


13.0 


369 


13.0 


iv 


52 


9.2 


277 


12.1 


329 


11.5 


V 


72 


12.8 


255 


11.2 


327 


11.5 


vi 


41 


7.3 


159 


7.0 


200 


7.0 


VII 


20 


3.6 


73 


3.2 


93 


3.3 


VIII 


35 


6.2 


145 


6.3 


180 


6.3 


IX 


115 


20.4 


450 


19.7 


565 


19.8 


X 


17 


3.0 


60 


2.6 


77 


2.7 



Total 



563 100.0 



2286 100.0 



2849 100.0 



5.13, df - 9, p > .05 
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The second analysis involved a comparison of respondents with 
the sample of nonrespondents contacted by telephone in terms of type of 
organization, geographic region, type of solar energy, total employment, 
solar employment, and percentage of solar employment. No statistically 
significant differences at the 5 percent level of confidence were found 
betweer. respondents and the sample of nonrespondents in terms of type of 
organization, or geographic region. 

Table B-3 presents the means and standard deviations for the 
respondents and the nonf espondent sample for total employment, solar 
employment and percent solar employment. No significant differences in 
means were foi.nd at the 5 percent level of confidence. 

A significant difference between respondents and the sample of 
nonrespondents was found for the types of solar energy in which the 
estabiishmcats worked. Table B-4 presents a comparison between respondents 
and the nonrespondent sample in terms of types of solar energy. Respondents 
indicated that they were engaged in work in space heating and cooling, water 
heating, and industrial process heat more frequently than nonrespondents. 
Respondents were engaged in the "other" category of solar energy types less 
frequently than nonrespondents. In addition, nonrespondent establishments 
reported fewer different types of solar energy. These differences can be 
attributed to the contact procedure and necessary format differences in the 
question for the two groups. The respondents checked all the types of solar 
energy applicable to their establishment on a printed questionnaire. They 
were also supplied with definitions. The nonrespondents were read the list 
of types of solar energy over the phone and indicated those applicable. 
Nonrespondents may have listened to the list and responded only to the pri- 
mary type of solar energy they were engaged in. The difference in number of 
types reported may completely explain the differences in type of solar energy 
work engaged in. 

The third analysis involved a comparison of Group 1 and Group 2 
respondents in terms of type of organization, geographic region, industry 
group, percent solar R&D work, total employment, solar employment, percent 
solar employment, and type of solar work. There were no significant differ- 
ences at the 5 percent level of confidence between the two groups on any of 
these variables. Thus, the method of contact and extent of follow up did 
not make a difference in the kind or size of responding establishments. 
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TABLE B-3. COMPARISONS BETWEEN RESPONDENTS AMI 

NONRESPONDENTS ON EMPLOYMENT VARIABLES, 1978 



Variable Respondents Norr^espondents 



Total Employment 

Mean 885.3 

Standard Deviation 2337.2 1821.4 

NiSbef of Establishments 548 55 

Solar Emplo3ment 

Mean 13-6 22.9 

Standard Deviation 27.4 60.9 

Nxjmber of Establishments 550 57 

Percent Solar Employment 

Mean 43.0 48.6 

Standard Deviation 41.5 ^^.1 

Number of Establishments 541 55 



* Differences between me^s were not significant at the 5 percent 
level of confidence. 
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TABLE B-4, COMPARISONS BETWEEN RESPONDENTS AND NONRESPONDENTS 

ON TYPES OF SOLAR ENERGY APPLICABLE TO ESTABLISHMENT, 1978 



Respondent s Nonrespondent s 



Type of Solar Energy 


(N=549) 
N % 


(N=57) 

N % 


Space Heating and Cooling 


454 


82.7 


35 


* 

61.4 


Water Heating 


440 


80.1 


33 


* 

57.9 


industrial Process Heat 


206 


37.5 


6 


* 

10.5 


Thermal Power 


103 


18.8 


10 


17.5 


Ocean Thermal Conversion 


52 


9.5 


6 


10.5 


Photovoltaic Conversion 


146 


26.6 


9 


15.8 


Wind Conversion 


136 


24.8 


8 


14.0 


Biomass Conversion 


98 


17.9 


7 


12.3 


Other 


46 


8.4 


15 


* 

26.3 



* Differences were significant beyond the 5 percent level of confidence. 
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Based on these results, the two groups were combined i 
subsequent analyses. 
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c-1 



TABLE e-1. PidaJCIPAL Sbl^ PRODUCTS 

AND SERVICES PROVIDE) BY RESPONDENTS, 1978 



Pro duct s / SCTviees Percent of Respondents (N=547) 

Space Heating and Cooling 

Space heating and cooling, general 0.5 
^Solar heating and cooling syst^s 1.5 
Water heating systras 0,4 
Solar assisted heat pumps 1.8 
Solar driven heat pumps 0.2 

Water Heating 

Water heating, general 0.7 
Residential water heating systems 3.1 

Industrial Process Heat 

Industrial process heat, general 0.2 

Thermal Power 

Thermal power, general 0.9 
Stirling cycle power systems 0.2 

Ocean Thermal Conversion 

Turbines 0^2 

Heat exch^gers for OTEC 0.2 

Photovoltaic Conversion 

Photovoltaic conversion, general 2.0 

Integrated photovoltaic power systems 0.4 

Photovoltaic concentrator systems 0.4 

Wind Conversion 

Wind conversion, general 0.4 

WECS rotor blades 0.2 

Vertical axis wind turbines 0.2 

Wind turbine generators 0.9 

Biomass Conversion 

Biomass conversion^ general 0.4 

Fireplace heat extractor grates 0.2 

Anaerobic digestion systems 0.2 

Solar wood heating and cooling systems 0.2 

Total Energy System 

Total energy system, general 1.6 
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c-2 



TABLE C-1. (Continued) 



Products/Services - Peroea^ of Respondents (N=547j 

Collectors 

Collectors, general 0-7 

Flat plate collectors, air type 3.1 

Flat plate collectors, liquid t3^e 1«8 

Flat plate collectors i both types or unspecified 14.4 

Concentrating collectors 2.6 

Non- imaging concentrating collectors 0,5 

Swi™ing pool collectors 1»1 

Helios tats 0*2 

Evacuated tube collectors 0*5 

Collectors, other 0.7 

Collector Components 

Collector components, general 0«5 

Absorbers, liquid !• 3 

Absorbers, air 0*^ 

Manifolds/headers 0 . 2 

Instjlation P»5 

Covers 1 • 1 

Coatings 0*7 
Controls 

Heat transfer fluids 0.5 

Heat Exchangers 

Heat exchangers, g^eral 0.7 

Air 1-6 

Water/air 0.2 

Heat pipe systems 0*2 

Controls and Indicators 

Temperature controls 1 • 3 
Control equipment 

Piiap controller package xinits 0.7 

Control systems l*? 

Solar tracking/measuring devices 0.9 

Electronic sensors 0.5 

Circulating Pi^s 

Circulating pumps, general 0.5 
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$ABLE C-i. (Continued) 



Products/ Services 



Percent of Respondents (N-547) 



Energy Storage Systems 

Solar storage/distribution systans 
Chemical storage cycles 
Storage tanks 
Thermal storage 
Rock storage 

Other Products 

Solar vater purifiers 

Solar powered radios and charge boxes 

Black/white Venetian blinds 

Solar energy conversion systems 

Services 



6.2 
0.2 
1.1 
0.2 
0.4 



0.2 
0.2 
0.2 
0.2 



Contractual /grant support and administration 


3.5 


Research and development 


26.1 


Architectural and engineering 


19.0 


Active design 


2.0 


Passive design 


5.7 


Installation 


4.2 


Distribution/ marketing 


8.4 


Information/publications 


7.9 


Education/ training 


7.1 


Other services 


3.8 



TABLE C-2. nPE OF ORCANIZATIOH ENCAGED. IN SOtAR ENERCY 
Si mmi TYPE OF SOLAR ENERGY, 1978 



Ptliiiafy Type of Solar Energy 

Space Industrial Ocean 

Ilcjting Water Process Tberaal .Thermal Photovoltaic _ Wind. BIomss 

und Cooling lltat Power Conversion Conversion Conversion Conversion Other 

_Ty_pe of Orga nization W 1 L-L-ii—L L_J i J i-J L_?_JL_L_i L_ 

Private Industry U6 63.2 % 68.6 5 55.6 8 61.5 10 76.9 23 76.7 9 60.D 3 23.1 8 kk.k 

Construction Contractor 2^ 10.4 10 7.3 1 ll.l 1 7.7 0 0.0 1 3.3 0 0.0 1 7.7 '2 11.1 

Public DtlUty 12 5,2 15 iO.9 0 0.0 3 23.1 0 0.0 0 0.0 3 20.0 0 0.0 0 0.0 

Federal CovtniMt 2 0.9 0 0.0 0 0.0 1 7.7 0 0.0 1 3.3 1 6.7 0 0.0 0 0.0 
State or Local 

Covernaent 12 5.2 8 5.8 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 2 15.4 0 0.0 

Nonprofit Organization 16 6.9 4 2,9 1 11.1 0 0.0 I 7.7 1 3.3 0 0,0 2 15.4 5 27,8 

Educational Institution V 7.4 5 3.6 2 22.2 0 0.0 2 15.4 4 13.3 2 13.3 5 38.5 2 11.1 

Other 2 0.9 1 0.7 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0:0 1 5.6 

Total 2Jl lOO.O 137 100.0 9 100.0 13 100.0 13 100,0 30 100.0 15 lOO.C 13100.0 18 



TABLE C-3. TYPE OF ORGANIZATION ENGAGED IN SOLAR 
ENERGY BY HPE OF SOLAR WORK, 1978 

Type of Solar tfork 

Hanuf acturing Hanufacturing Architectural 

Flat Plate Other R&B and Engineering Other 

Collectors Products Installation Senices Services Services 



Type oiflrganization 


^--t 


I- 1 


- N 


I 


N 


t 


N 


I 


N I 


Private Industry 


?3 100.0 


% 98.9 


26 


38.8 


30 


24.6 


85 


85.9 


32 36.4 


Construction Contractor 


0 0.0 


0 0.0 




61.2 


0 


0.0 


0 


0.0 


4 4.5 


Public Utility 


0 0.0 


0 0.0 


0 


0.0 


25 


20.5 


3 


3.0 


6 6.8 


Federal Govemnient 


0 0.0 


0 0.0 


0 


0.0 


5 


U 


1 


1.0 


3 3.4 


State or Local 
Government 


0 0.0 


0 0.0 


0 


0.0 


6 


4.9 


2 


2.0 


22 25.0 

1 


Nonprofit Organization 


0 0,0 


0 0.0 


0 


0.0 


19 


15.6 


5 


5.1 


13 14.8 


Educational Institution 


0 0.0 


0 0.0 


0 


0.0 


36 


29.5 


3 


3.0 


6 6.8 


Other 


0 0.0 


1 1.1 


0 


0.0 


1 


0.8 


0 


0.0 


2 2.3 


Total 


73 100.0 


95 100.0 


67 100.0 


122 


100.0 


99 100.0 


88 100.0 



140 



TABIE C-4. INDUSTRIAL CUSSIFICATION OF ESTABLISHHESl' 
By PRIHARK nPE OF SOtAR W, 19?8 



Durable TkmhIs 
HanufacCurlng 

CoDstriicttoo 



Pr44ry. Tjfp_c of Solar Ener g y 

, - - Ocean 

MCliig yatcr Process Thcnal ihcraal Pi„tovohais ui ^ 
^ b toting iicat Power a,„v.:r,io« Conversion (inversion Conversic« Oilier 

— ■"•..-i L I - I i; J 



53 22.9 50 36.8 1 u.I « 33.3 I 7.7 
^« ». lU 1 11.1 0 0.0 0 0.0 



Hanufacturing iq 



Transportation, Coiwinl- 
caCtotts and Public 
Utilities 

Ubolcsale or Retail 
Trade 

Educational Servlcea 

' Architectural 
Services 

Research Services 

Other Services and 
Public AdDial- 
stratlott 

Total 



IS 



13 



11 36.7 
0 0.0 



6 40.0 2 15.4 7 38.9 
^ 0.0 1 7.7 1 5.6 



' S'J 2 22.2 1 8.3 0 0.0 



5 1^'' 0 0.0 0 0.0 0 



" ' ' "-^ » i 3.3 3 20.0 0 0.0 0 0.0 



5'^ " 12.5 0 0.0 0 0.0 0 0.0 



0 0.0 0 0.0 0 0.0 1 5.6 



2 15.4 3 10.0 2 13.3 3 jj 5 3 i^ -j 

63 27.3 10 7.i 1 111 1 u 1 

U 1 .7 ^ ' ' ° 

* ^^'^ ^ 23.3 4 26.7 2 ^.^ 4 22.2 

^5 *'5 9 6.6 0 0.0 0 0.0 . 7, , « - 

"1 100.0 136 1M.0 9 100.0 12 1M0 n J' , ^ ' 

— i^^*^^ 30 100.0 15 100.0 13 100.0 18 100.0 
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TABLE C-5. mmm CtASSIFieA!I6N.0F ESTABLiSHHENTS 
BY TYPE OF SOLAR WORK, M 



In dustry 



Manufacturing 
Fiat Plate 
Collectors 

.. N I 



Manufacturing 
Other 
Products 
N I 



Type of Solar Work 



Installation Services 
N I N 2 



Architectural 
and Engineering 
Services 

N 



Other 
Services 

K t 



Durable Goods 
Manufacturing 

Construction 



66 m 

0 0.0 



72 J9.1 
0 . 0.0 



9 m 

« G7.2 



0 0.0 
0 0.0 



1 1.1 
0 0.0 



Manufacturing 

Transportation, 
Comunication and 
Public Utilities 

Wholesale or Retail 
Trade 

Educational Services 

Engineering and 
Architectural Services 

Research Services 

Other Services and 
Public Administration 

Total 



19 20.9 



2 1.6 



0 0.0 



0 0.0 

*0 0.0 

0 0.0 

0 0.0 

0 0.0 

0 0.0 

73 100.0 



0 0.0 

0 0.0 

0 0.0 

0 0.0 

0 0.0 



91 100.0 



1 1.5 

4 6.0 

0 0.0 

8 11.9 

0 0.0 



28 22.8 

0 0.0 
36 29.3 



1 0.8 U 84,8 
U 35.8 5 5.1 



3 3.0 

2 2.0 
2 2.0 



0 0.0 11 8.9 3 3.0 
67 100.0 123 100.0 99 loo.O 



0 
I 



7 8.0 

29 33.0 

19 21.6 

0 0.0 

5 5.7 

27 30.7 



TABLE e-6. PBRCENTACE OP SOLUl WHK IN UD BY IHDOSTRIAL 
CUSSIFICATION OF ESTABLISHMENT. 1978 













Industry 








— 










Transportation, 














Durable 




NonduMble 


CownlCAtiOii 


tlliolcsalc 




Engineering and 




Otiier Services 




Goods 




Goods 


and 


or 


Educational 


Architectural 


Researcli 


2iid Public 


Percent Solar 


Hanufacturinj Construction Manufacturing Public Utilities Retail Trudc 


Services 


Services 


Services 


Adnitilstratioii 


RiD Hork 






N I 


|l ? 


N I 


N 2 




N 2 


N I 


103; or less 


57 38.5 


26 57.8 


7 25.9 


4 9.8 


24- 68.6 


3 5.0 


37 40.7 


0 0.0 


7 18.9 


It: to 49Z 


43 30.4 


13 28.9 


7 25.9 


3 7.3 


9 25.7 


4 6.7 


26 28.6 


2 3.7 


2 5.4 


SOZ to 89Z 


31 20.9 


5 11.1 


7 25.9 


6 14.6 


1 2.9 


5 8.3 


13 14.3 


7 n.o 


5 13.5 


90! or ure 


15 lO.l 


1 2.2 


6 22.2 


28 68.3 


1 2.9 


48 80.0 


15 16.5 


45 83.3 


23 62.2 


Total 


148 100.0 


45 100.0 


27 100.0 


41 100.0 


35 100.0 


60 100.0 


91 100.0 


54 100.0 


37 100.0 
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PHTYFEOFSOLAItH, 1978 



Percent Solar 
R&DUork 

lOZ or less 

in to VH 

m to 89! 

902 or aore 

Total 



Prlnary Type of Solar EncrCT 



and Cooling 



Industrial _ .Ocean. 
Process Itiemal Thernal Photovoltaic 
Heat Poucr Conversion Converaloo Con] 



N ! N I 



Z N I 



N I 



41 



?6 32.9 M 2 22.2 0 0.0 1 7.7 2 6.9 2 ll 



34 U.7 IS 11.0 1 ll.l 1 7.7 C 0.0 7 24.1 
W 27.7 21 15.4 4 44.4 12 92.3 12 92.J IS 51.7 



[sloo Otiier 
0.0 4 23.5 



57 24.7 36 26.5 2 22.2 0 0.0 0 0.0 5 17.2 1 6.7 1 7.7 2 11.8 



3 20.0 1 7.7 6 35.3 ^ 
9 60.0 11 84.6 S 29.4 



231 100.0 136 100.0 • 9 100.0 13 100.0 13 100.0 29 100.0 15 100.0 13 100.0 17 100.0 




TABtE C-9. ESTABLISHHENT SIZE BK PRIHART TYPE OF SOUS mt, 1978 



Primary Type of Solar htt^ 





Space 






Industrial 




_pcean_ 
















Heating 
aiii Coollnj 


Water 
Heating 


Process 
Heat 


Thcrul 
Pouer 


Thermal 
Conversion 


Photovoltaic 
ConveisloD 


M . 
CoaversioQ 


.Elonass 
Conversion 


Other 


_Total4«ple^iet!^_ 


- N : 


N 


: 


N 1 


N I 


N Z 


-4 


Z 




N 


: 


N Z 


1-2 


25 U.0 


13 


9.7 


0 0.0 


0 0.0 


2 15.4 


0 


0.0 


1 6.7 


0 


0.0 


2 12.5 


3-5 


29 12.8 


27 


20.1 


0 0.0 


2 18.2 


0 0.0 


2 


6.7 


0 0.0 


1 


7.7 


2 12.5 


6-10 


« U.6 


21 


15.7 


0 0.0 


0 0.0 


0 0.0 


2 


6.7 


2 13.3 


2 


15.4 


3 18.8 


11-20 


29 12.8 


22 


16.4 


1 11.1 


0 0.0 


2 15.4 


1 


3.3 


3 20.0 


1 


7.7 


1 6.3 


21-40 


22 9.1 


12 


9.0 




U U.v 


I Ij.4 


2 


6.7 


1 6.7 


I 


7.7 


2 12.5 


<1 - 100 


28 12.3 


11 


8.2 


1 11.1 


0 0.0 


0 0.0 


4 


13.3 


1 6.7 


2 


15.4 


4 25.0 


101 - ;oo 


13 5,/ 


5 


3.7 


3 33.3 


2 18.2 


2 15.4 


10 33.3 


1 6.7 


2 


15.4 


1 6.3 


m - 3000 


19 8.4 


13 


9.7 


2 22.2 


3 27.3 


3 23.1 


6 


20.0 


3 20.0 


4 


30.8 


0 0.0 


Crtacer than 3000 


22 9.7 


10 


7.5 


0 0.0 


4 36.4 


2 15.4 


3 


10.0 


3 20.0 


0 


0.0 


1 6.3 


Total 


227 100.0 


134 


100.0 


9100.0 


11 100.0 


13 100.0 


30 100.0 


15 100.0 


13 100.0 


16 100.0 
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TABLE C-10. PERCENTAGE SOLAR EMPLOm B! TYPE OF ORGlZATION, 1978 




Type of Qrgarization 
State or 



Percent Solar 
Employment 


Industry 

N l- 


Contractor Utility 

N I 


Government 

J I 


Government 

tl 'I 


Organization 
J l_ 


Institution 

-J -i 


Other 
J I 


Less than A 


6^ 


m 


1 


2.1 


33 91.] 


6 


66.] 


6 


19.4 


12 


32.4 


21 


46.] 


1 25.0 


% to m 


53 


16.1 


10 


22./ 


1 2.8 


1 


11.1 


21 


6].] 


15 


40.5 


1] 


3]. 8 


1 25.0 


m to ^91 


35 


10.6 


10 


22.] 


1 2.8 


2 


22.2 


2 


6.5 


3 


8.1 


1 


2.2 


0 0.0 


m to 992 


^9 


14.8 


5 


11.4 


0 0.0 


0 


0.0 


2 


6.5 


3 


8.1 


4 


8.9 


2 50.6 


lOGI 


129 


39.1 


18 


40.9 


1 2.8 


0 


0.0 


0 


0.0 


4 


10.8 


2 


4.4 


0 0.0 


Total 


330 


100.0 


44 


100.0 


36 100.0 


9 100.0 


31 


100.0 


3] 


100.0 


45 


100.0 


4 100.0 
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m C-ll. PERCENTAGE SOLAR fflPLOyHENT By INDUSTRIAL CLASSIFICATION OF ESTABLISHHENT, 1978 



tniJustry 



Percent Solar 
Employment 



Less than 
5Z to M 

m to m 

50Z to 992 

too: 

Total 



Transportation, _ . 

Durable Nondurable CoMunlcatlon Wholesale .. . . Engineering and CthetSenlces 

Goods and or Educational Architectural Research and.Public 

Hanufacturing Construction Hanufactuflng Public Utilities Retail Trade Services Services Services Adntnlstration 

N -z- N I ^ t N ! N : N I N I U — Li: 



37 25.5 



22 15.2 



1 2.3 11 «.3 



15 11.0 10 22.7 ^ 15.4 



37 90.2 



2 U 



1 2.9 22 39.3 8 9.0 19 35.2 9 20.9 

2 5.7 19 33.9 23 25.8 18 33.3 25 58.1 n 



9 6.2 10 22.7 3 11.5 1 2.4 



8 18.2 4 15.4 



0 0.0 



2 5.7 4 7.1 16 18.0 4 7.4 2 4.7 
6 17.1 4 7.1 12 13.5 4 7.4 5 lu6 



61 «.l 15 3U 4 15.4 1 2.4 24 68.6 7 12.5 30 33.7 9 16.7 2 4.7 
U5 100.0 44 100.0 26 100.0 4U00;0 35 100.0 56 100.0 89 100.0 54 100.0 43 100.0 



■ PERCDTTACE SOUR EXPIOMT BY PRIHiyiy TYPE OF SOM mi, M 



PrtnafY Type of Solar Encr[; y 
Space Industrial Ocean 

Ibting yater Process Therial Thersal Photovoltaic Kind Blonass 

aaii Cooling Heating lltat Pover Conversion CoDversloo Conversion Conversion Other 

« t W I H ! H : w ti Z 

7 46-7 6 46,2 2 12.5 



Percent Solar E»ployient 


-li 


2 


N 


2 


N 


2 


Less than 42 


54 


23.9 


26 


19.4 


5 


55.6 


5Z to 2« 


49 


21.7 


24 


119 


3 


33.3 


252 to 


2? 


11.9 


10 


7.5 


1 


11.1 


501 to 992 


27 


11.9 


19 


14.2 


0 


0.6 


1002 


69 


30.5 


55 


41.0 


0 


0.0 


Total 


226 


100.0 


I'i 100.0 


9 


100.0 



3 27.3 5 38.5 4 14.3 1 6.7 } 23.1 6 37.5 

1 9.1 0 0.0 3 10.7 3 20.0 0 0.0 1 6.3 J 

H 

0 0.0 0 0.0 4 14.3 0 0.0 2 15.4 4 25.0 

1 9.1 2 15.4 4 14.3 < 26.7 2 15.4 3 18.8 



i 



fry 

o 
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TABLE C-13. PERCENTAGE SOLAR Wmm BY TYPE OF SOIAR OT, 1978 



Type of Solar Work 



Hantifacturing Manufacturing Architectural 



Percent Solar 
Employment 


Flat Plate 
Collectors 
N I 


Other 
Products 
N Z 


Installation 
N I 


R&D 
Services 
N I 


and Engincerinj; 
Services 
N Z 


Other 
Services 
N I 




Less than 41 


14 19,7 


30 33.0 


3 4.6 


61 


51.7 


12 12.6 


18 20.9 




51 to m 


6 8.5 


13 14.3 


13 20.0 


34 


28.8 


26 27.4 


24 27.9 




m to m 


5 7.0 


8 8.8 


13 20.0 


6 


5.1 


15 15.8 


5 5.8 




% to 991 


10 14.1 


15 16.5 


10 15.4 


7 


5.9 


13 13.7 


10 11.6 


n 

I 


mi 


36 50.7 


25 27.5 


26 40.0 


10 


8.5 


29 30.5 


29 33.7 


Total 


71 100.0 


51 100.0 


65 100.0 


118 


100.0 


95 100.0 


86 100.0 






1 
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TABLE C-14. PERCDJTAGE SOI^R. mPLQYHENT BY 








PERCENTAGE 




OF 


SOLAR WORK IN R&D, 1978 






Percent Solar 






Percent Solar 




Work 






Employment 


10% 


or less 


11% 


- 49% 


50% 


to 89% 




OT TDOT& 




N 


% 


N 


% 


-N 


% 


N 


% 


Less than 4% 


26 


16.0 


12 


11.2 


20 


25.0 


81 


45.8 


5% to 24% 


3b 


18.5 


15 


14.0 


13 


16-2 


56 


31.6 


25% to 49% 


19 


11.7 


16 


15.0 


6 


7.5 


13 


7.3 


50% to 99% 


22 


13.6 


15 


14.0 


16 


20.0 




u . ^ 


100% 


65 


40.1 


49 


45.8 


25 


31.3 


16 


9.0 


Total 


162 


100.0 


107 


100.0 


80 


100.0 


177 


100.0 



1 c \ 
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TABLE G-i5. OCCimOlL DISTMBUTIONf Qffim IN SOLM ACTIVITiES - 
DETAIL ON INFRE511UY MENTIONED OCCUPATIONS, 1978. 
BASED ON 518 REPORTING ESTABLISHES 



Research 
and 



ERIC 



Engineers 
Schitectural 
Industrial 
Dnspecified 

Scientists 
Agricultural 
Atmospheric 
Earth 
Marine 

Mathematicians 
Unspecified 

Other Professionals 
Administrative 
Urban Planners 
Unspecified 

Technicians 
Agricultural 
Draftsman 
Industrial 
Mathematical 
Unspecified 



nt 



Reported 
N 



Commercial 
(except 
Installation) 



10 
15 
457 

15 
3 

11 
6 

200 



16 
14 
146 

3 

12 
2 
1 

245 



Reported 



7 
9 

169 

G 

i 

0 
1 
1 

18 

2b 
2 
76 

e 

9 
4 
0 
92 



installation 



Reported 

- N 



2 
0 

14 

0 
0 
0 
0 
0 
0 

0 
0 



0 
3 
0 
0 



Reported 
Frequency of 
Difficult 

to Hire 



46 

0 
4 
1 
0 
G 
13 

2 
G 
8 

0 
5 
1 
0 

15 



TABLE C-15. (Continued) 



Research Conmercial 

and (except Reported 
Development Insta lla tion) Installation Frequency o 
Reported Reported Reported Difficult 
Occupation N N N to Hire 

Skilled Crafts and 
Operatives 
Asbestos and 



Insulation Workers 


1 


2 


2 


1 


Cement Finishers 


c 


0 


2 


0 


Electricians 


6 


14 


2 


1 


Glaziers 


0 


2 


0 


0 


Heat Treaters 


0 


4 


0 


0 


Metal Mblders 


1 


4 


b 


0 


Metal Platers 


2 


10 


0 


2 


Opticians . 


6 


6 


1 


2 


Pattern Makers 


0 


1 


0 


0 


Precision Machine 










Operatives 


3 


i 


0 


1 


Riveters 


2 


9 


2 


0 


Rollers 


1 


5 


i 


0 


Roofers 


0 


e 


2 


0 


Solderers 


5 


20 


2 


0 


Structural Metal 










Craftsmen 


2 


13 


0 


0 


Tool and Die 










Makers 


1 


8 


1 


0 


ERJCcified 


127 


419 


37 


13 



TABLE C-i6. 



OCCUPATIONAL DISTRIBUTION OF EitOYiNT IN SOLAR 
SPACE HEATING AND COOLING/WATER HEATING, 1978. 
BASED ON 346 ESTABLISHMENTS 





Occupational Group 


Research and Developnent 




Conercial 




Total 




Reported 
N 


!^ 


Estimated 


Reported 
N 


f 


Estimated 


Reported 

■ N 


f 


Estimated 


Engineers 


663 


42 


2,500 


346 


17 


1,300 


LG09 


28 


3 700 


Scientists 


161 


10. 


600 


32 


2 


iOO 


193 


5 


700 . 


Other Professionals 


260 


16 


1,000 


288 


14 


1,000 


548 


15 


2,000 


Technicians 


165 


10 


600 


156 


8 


600 


321 


9 


1,200 


fit- #11 J - Ti. - - 1 

Skilled Crafts and 




















Operatives 


115 


7 


400 


586 


29 


2,100 


701 


19 


2,500 ' 


Clerical and Unskilled 












» 








Workers 


160 


10 


600 


592 


29 


2,200 


. 752 


21 


2,800 


No Occupation Given 


52 


3 




22 


i 




74 


2 




Total, Ail Groups 


1,576 


100 


5,700 


2,022 


100 


7,300 


3,598 


100 


13,000 



a Total Diay not add to 1002 due to rounding. 

b Includes allocation of "No Occupation Given" category/Detail niay not add to total due to rounding. 



TABLE C-17. OCCUPATJOm.DISTRIBUTIi .OFJMPLOYMENT 
IN_SpLAR INDUSTRIAL..PRPCESS HEAT, 1978. 
BASED ON 8 ESTABLISHMENTS 



Occupational Group 



Engineers 

Scientists 

Other Professionals 

Technicians 

Skilled Crafts and 
Operatives 

Clerical and Unskilled 
Workers 

No Occupation Given 

Total, All Groups 



_ Research and Development 



Reported 



24 
8 
3 
3 



59 

20 
7 
7 



41 100 



Estimated 



-4 



b 



100 
c 
c 
c 



100 



Comercial 



Reported 



11 
1 
6 
4 



44 
4 
24 
16 



Estimated 



25 100 100 



2 



f 



3 



a Total may not add to lOOZ due to rounding. 

b Includes allocation of "No Occupation Given" category/Detail may not add to total due to rounding, 
c Less than 50. 



Estimated 



100 



4 6 c 
0 0 

66 100 200 



0 

J 

0 



IerJc 



1 



TABLE C-18. OCCIJPATS OF EMPLOYMENT 

IN PHOMOLTAIC.CONVERSION, 1978. 
BASED ON 28 ESTABLISHMENTS 





Research and Developnent 




Ooinei 


•rial 


Occupational Group 


Bab A J 

Reported 

N — 


■ f 


Estimated 


KiiT^rtT*^/i/1 

w 


_l 




Engineers 


209 


33 


800 


73 


17 


300 


Scientists 


125 


20 


500 


16 


4 


100 


Other Professionals 


49 


8 


200 


24 


6 


100 


Technicians 


149 


23 


500 


19 


4 


100 


Skilled Crafts and 
Operatives 


63 


10 


200 


169 


40 


600 


Clerical and Unskilled 
Workers 


40 


6 


100 


126 


30 


500 


No Occupation Given 


4 


1 




0 


0 




Total, All Groups 


539 


100 


2,300 


427 


100 


1,500 


















166 
4 

1,066 



•a Total may not add to 1002 due to rounding. 

b Includes allocation of "No Occupation Given" category/Detail may not add to total due to rounding. 
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Engineers 
Scientists 

Other Profes8*|onaf|R||[|' 

Technicians 

Skilled Crafts and 
Operatives 



Clerical and Unskilled 
Uorkers 

No Occupation Given 

total, Aii Groups 



113 
30 



400 



1,226 100 4,400 



67 
2 

301 



22 200 
1 

100 l,iOO 





lotal 




Estimated 

J- 


37 


2,100 


12 


700 


16 


900 


13 


700 



0 

I 

400 N 



180 


12 


700 


32 


2 




1,527 


100 


5,500 



a Total may not add to lOOZ due to rounding, 
b Includes allocation of "No Occupation Given" category/Detail may not add to total due to rounding. 

c less than 50. 



i7i 



Private Industry 1,851 

Construction Contractor 127 

Public Utility 171 

Federal Government 217 

State or Local 

Government 142 

Nonprofit Organization 383 

Educational Institution 510 

Other 7 

Total 3,408 



2,425 4,276 4,476 

205 332 365 

38 209 5Q 

17 234 i 

35 177 78 

36 419 152 
16 526 206 

1 8 40 

2,773 6,181 5,368 



TABLE e-21. SOLAR EMPLOYMENT AND ADDITIONAL SOLAR JOBS BY INDUSTRY. 1978 



Industry 



Durable Goods 
Manufacturing 

Construction 



Number 
Employed 
In So lar RSD 



Reported 

Number 
Employed 
iu Solar 
Co™ercial 



1,018 
69 



1,733 
205 



Reported 
Total 
Solar 
Employment 



2,751 
274 



Reported 
Number of 
Additional 
Solar Jobs 



3,180 
395 



Non-Durable Goods 
Manufacturing 



291 



72 



J63 



3i7 



Transportation, 
Communication, 
and Public 
Utilities 

Wholesale or Retail 
Trade 

Educational 
Services 

Engineering and 
Architectural 
Services 

Research Services 



Other Services and 
Public Administration 

Total 



190 
23 
532 

259 
899 

167 
3,448 



49 

139 
53 

393 
65 

43 

2,752 



239 
162 
585 

652 
964 

210 

6,200 



62 

158 
203 

379 
596 

71 
5,361 
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Manufacturing, Other 
Products 913 1,142 2^055 1,978 



Installation 


152 


359 


511 


635 


R&D Services 


1,437 


93 


1,530 


819 


Architectural and 
Engineering Services 


339 


373 


712 


368 


Other Serv'ices 


211 


252 


463 


200 


Total 


3,264 


2,750 


6,014 


5,273 



ERIC 



175 
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TABLE C-23. PREVIOUS AND CURRENT OCCUPATIONS OF 
RESPONDENT EMPLOYEES, 1978 



Occupation 
Before Working 
in Solar 



Current 
Occupation 



Engineers 

Agricultural 
Architectural 
Chemical 
Civil 

Electrical/Electronic 
Mechanical 

Metallurgical/Materials 
Other 

Scientists 

Atmospheric 

Biologists 

Chemists 

Computer Specialists 

Physicists 

Other 

Other Professionals 

Architects 

College/University Teachers 
Economists 

Managers/Administrators 
Marketing Specialists 
Operations/Systems Researchers 
Other 

Technicians 

Draftiiig 

Electrical/Electronic 

Mechanical 

Other 

Skilled Crafts and Operatives 
Clerical and Unskilled 
Student /None 



(N^468) 


/XT / 

(N=4d5) 


34.4 


33 .3 


0.4 


0.9 


0.4 


0.6 


J- ^ 




0.6 


0.0 


6.2 


4.1 


17.5 


19.4 


0.4 


0.6 


5-8 


7.3 


10.5 


9^ 


0.9 


0.6 




0.2 


2.1 


1.7 


0.9 


1.1 


3.8 


3.7 


1.1 


1.7 


24.8 


42.4 


3.6 


4.7 


4.3 


3.4 


0.4 




5.8 


15.5 


3.8 


0.0 


0.9 


3.7 


6.0 


14.6 


5.1 


a.o 


1.1 


0.2 


1.1 


2.4 


0.6 


1.7 


2.4 


3.7 


hi 


6.9 


3.2 


0.2 


16.7 


0,2 



ERIC 



Industrial pfocejs heat 3,0 

Thermal power 5.0 

Ocean thermal conversion 3.9 

Photovoltaic conversion 71.0 

Wind conversion 3 . 9 

Biomass conversion 1 . ^ 

Other 4 . 7 
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'development^ 



ERIC 



Manufacturing 

Marketing and 
distribution 

Installation and 
maintenance 

Other commercial 
activities 

Other 



13.3 

7.2 

6.4 
15.2 



TABLE C-2h. Plilliy mi WORK ACTIVITIES OF RESPOHDENT EHPLOyEES 

By npE OF soffl ENERcy, m 




Industrial Ocean 



Primary Solar 
york AcllvUy 


Space Heating 
and Cooling 

N : 


"ater 
Heating 
N : 


Process 
lleat_ 

N : 


Themal 
Power_ 

K : 


tai 

Conversion 

H : 


Fbotovoitalc 
Conversion 

4-1 


M 
Conversion 
N Z - 


BiooaSB 
Conversion 
-N Z 


Other. 
l-l 




?? iVO 


12 


« 111 

m fall 


16 98.9 


1? KU 

mm Vtf 1 • 


32 ?0:0 


9 


6 85.? 


9 52.9 


Hanufacturlog 


9 5.3 


U 20.0 


1 9.1 


0 0.0 


0 0.0 


2 5.0 


0 0.0 


0 0.0 


3 17.6 


flarketlog and 
Distribution 


2? i::.9 


1) 2^.3 


2 18.2 


1 U 


0 0.0 


3 7.5 


1 7.1 


0 0,0 


2 11.8 


Instal tloo and 
Haiotenance 


11 6.4 


13 18.6 


0 0.0 


0 0.0 


0 0.0 


1 2.5 


1 7.1 


0 0.0 


0 0.0 


flther Coinerclal 
Activities 


U 8.2 


5 U 


0 0.0 


0 0.0 


0 0.0 


1 2.5 


2 14.3 


0 0.0 


1 5.9 


Other 


33 22,2 


9 12.S 


0 0,0 


1 5.6 


2 14.3 


1 2.5 


1 7.1 


1 W.3 


2 11.8 


Total 


171 100.0 


?0 100.0 


11 100.0 


18 100.0 


U 100.0 


40 100.0 


U 100.0 


71t«.0 


17 100.0 
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TABLE e-27. AGE DISTRIBUTION OF RESPONDENT QfPLOYEES, 1978 





Age 


Percent of 
Respondents 
(N^80) 


20-24 


8.8 


25-29 


19.6 


30-34 


15.8 


35-39 


16.5 


40-44 


11.5 


45-49 


8.8 


50-54 


10.0 


55 and up 


9.2 



ISI 

o 

ERIC 
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TABLE C-28. HIGHEST LEVEL OF FORMAL EDUCATION 
OF RESPONDENT EMPLOYEES » 1978 





Percent of 
Respondents 


IrfCOO wildli IULjIII ^\^Ll\J\JJ. 


0.2 


iij.gn scnoox c^uxvaxcuu 


4.8 


Some college 


10.5 


Associate or technical 
degree 


3.5 


Bachelor's degree 


?^.6 


Master's degree 


26.1 


Ph.D. , Ed.D. , or M.D. 


16.7 


Other 


0.4 



/ bo 



TABLE C-29. MAJOR FIELD.QF. STUDY OF 

RESPONDENT EMPLOYEES, 1978 



Percent of 
Respondents 



Mai o:^ Field (N=477) ^ 



Engineering 


48. 


2 


Physical Science/ 
Mathematics/Biology 


16. 


8 


Other baccalaureate or 


22, 




professional fields 


9 


Fields of study below 


12. 




the baccalaureate level 


2 



TABLE C-30. HIIISI LEVEL OF W OlliCATlOii OF 

RESPONDENT EHPLOYEES BY TYPE OF SOUR ENERGY 1978 




Highest Uvel of 
Fonal Educatlott 

High Scliool Dlplou o[ 
tes$ 

Soie College 

Associate or TechQical 
Degree 

Bachelor's Degrci 
Haster's Degree 
Pb.D., Ed.O., N.D. 
Total 



Type oNolar Energ y 

Industrial _. . Oceao 

?!>ace 'iiitlag .Bater Process Thenal Thensl Photovoltaic m BIobsi 

and Cooling Heating Seat Power Conversion Conversion Conversion Conversion Othr 

-i-J "-^ H : M : H : HZ J- T ^ I M 2 

« 3.5 8 lU 0 0.0 0 0.0 0 0.0 1 2.5 1 U o 0.0 3 lU 

16 9.4 13 18.6 0 0.0 0 0.0 0 0.0 6 15.0 0 0.0 0 0;0 2 11.8 

' 3 U 0 0.0 0 0.0 0 0.0 1 2.5 1 U 0 0.0 0 0.0 

?1 41.8 27 38.6 3 27,3 3 16.7 6 «.9 10 25.0 7 50.0 2 28.6 3 17.6 

27.6 15 lU 5 45.5 8 44.4 4 28.6 7 17.5 1 7.1 1 14.3 3 17.6 

^2-* * 5'? 3 27.3 7 38.9 4 28.6 15 37.5 4 28.6 4 57.1 6 35.3 

170 100.0 70 100.0 11 100.0 18 100.0 14 100.0 40 100.0 14 100.0 7 100.0 17 100.0 



I 



185 



TABLE e-31. HIGHEST LEVEL OF FOM EDUCATION OF 

SESfONDENT EiiOYEES BY PlSE OF ^OLAR WORK, 197B 









Phase of Solar Work 








Research 

and 




Mark.cing 
and 


Installation 
and 


Other 
Comercial 




Higbest Level of 
Foml Education - 


Development 

N I 


Manufacturing 


N I 


Maintenance 


Activities 

N I 


Other 

N I 


High School Diploma 
or Less 


5 2.8 


5 1/./ 




3 11 5 

J XI t J 


X Ht J 


I i%J 


Some College 


12 6.6 


10 34.) 


^ in A 








Associate or 
Technical Degree 


I 3,3 


1 Ik 


3 6.3 


2 7.7 


1 4.3 


1 1.9 


Bachelor's De^ -e 


51 28.2 


1 M 


24 50.0 


11 42.3 


13 56.5 


26 48.1 


Master's Degree 


50 21.6 


6 20.7 


10 20.8 


5 19.2 


6 26.1 


14 25.9 


Ph.D., Ed.D.,M,D. 


57 31.5 


0 0.0 


2 4.2 


0 0.0 


1 4.3 


a 14.8 


Total 


181 100.0 


29 100.0 


48 100.0 


26 100.0 


23 100.0 


54 100.0 



TABLE C-32. PERCENTAGE OF liOURS SPEHT IN SOUR WORK BK 

RESPONDEHT EMPlOyEES BY TYPE OF SOUR EHERCY, 1978 



Typt of Solar torff 
lodustrial Ocean. 



Percent . 
Hours 
In Solar 


Space HeattQg 
and Cooling 
N ! 


Hater 
Heating 
N ! 


Process 
Heat 
(1 Z 


Tbenal 
Power 
H Z 


Tiienal 
Cooversioo 
M Z 


Fbotovoltaic 
Conversion 
S Z 


. Vltsd . 
Cottversiop 
.H - ^ 


Blousi 
Conversion 

-N Z 


Other 
N Z 


Less than 50Z 


56 33.5 


10 15.6 


2 18.2 


1 6.3 


4 30.8 


5 13.2 


4 28.6 


5 71.4 


5 29.4 


50:- 99Z 


38 22.8 


17 26.6 


4 36.4 


4 25:0 


3 23.1 


n 28.9 


5 35.7 


0 0.0 


4 23.5 


lOOZ 


73 43.7 


37 57.8 


5 45.5 


11 68.8 


6 46.2 


22 57.^ 


5 35.7 


2 28.6 


8 47.1 


Tocal 


167 100.0 


64100.0 


11 100.0 


16 100.0 


13 IPO.O 


38 100.0 


14 100.0 


7100.0 


17 100.0 



TABLE C-33, PERCENTAGE OF HOIS SPENT IN SOLAR m BY 

RESPONDENT mOYEES 3! PHASE OF SOLAR WORK, 1978 









Phase oUola^I^ork 








Research 




Marketing 


Installation 


Other 




Percent 


and 




and 


and 


Comercial 




Hours Worked 


Bevelopuent 


inufactoring 


Distribution 


Maintenance 


Activities 


Other 


in Solar 


- J -I- - 


— t--l — 


■ N r 


- N . t~ 


- - N I 


N I 


Less than 50Z 


41 23.6 


4 13.8 


10 22.7 


11 42.3 


11 47,8 


15 29.4 


502 - m 


51 29.3 


3 10.3 


15 34.1 


6 23.1 


3 13.0 


8 15.7 


m 


82 47.1 


22 75.9 


19 43.2 


9 34.6 


9 39.1 


28 54.9 


Total 


174 100.0 


29 100.0 


44 100.0 


26 100.0 


23 100.0 


5i lOO.G 
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TABLE C-34. IM OI!IOi.SPEllT..III SOWlt WER B! 

RESPONDENT EHPlOIEES B! TtPE OF OROilZATlON, 15)8 



T]fL^ef_-Gfg8^t^^etbn 



Sute or 



Perctnt 
Hours Uorked 

IflMflr— 


Private 
Industry 

N : 


Construction 
Contractor 

N : 


Puhllc 
Utility 
11 : 


Federal 
Covernaeot 
N I 


Local 

GoverMnt 

N : 


Nonprofit 
Organization 

N : 


telon] 

i 


less tiian % 


57 25.2 


; 33.3 


13 56.5 


1 43.8 


4 19.0 


12 34.3 


1: ^il 




51 22i 


i tu 


I M 


0 0.0 


E 38.1 


12 34.3 


11 1'. 


m 


118 52.2 


8 38.1 


3 13.Q 


S 56.3 


9 42.9 


11 31.4 


16 i,l 


Total 


226 100.0 


21 100.0 


23 loo.y 


16 100.0 


21 100.0 


35 100.0 


42 100.0 




mi 

m 

Totil 



BnfcULCliiSjFiaTlOIIOFESTmm P 



Other 

« IS" - S 

* ^ ^ " W! tatW Wt«,„i 

JlJ^iL__-- ■» ■■ f I i , , t™e. sento Mca Unim ilritb 

, - — - — ' — i-^ -i : M t « t ■- 

'^^-^ ^'5^'' ^is-s ^'^1.8 inu uu 

^'^ * ^^'^ 25.5 9 20.0 17 26.2 11 m 
"•^ '^-^ -8 32.7 ^ 2U 32 M.2 11 39.} t 
19100.0 i5 100.0 45 100.0 65 100.0 28 100.0 



W.3 10 ia ? . ,; 
^ latO 24 ItO tt 



1OD.0 





ERIC 



mil C-36. PEICENTAGE RQURS SPENT SOtAE n l^mwi 

EMPLOYEES BT ItPE OF SOy m or .:. .^am, 1073 



ERIC 



Type of 3o: . Mb:; 



inufacturing Manufacturing its^grc. icd Architectural Other 



Percent 
Hours iorked 

---in^Saiar- 


Fiat Plate 
Collectors 

--^4 — 


Other 
Products 

N I 


Installation 
N 2 


'lertes 
N I 


and Engineering 
Services 

N 1 


Services 

1 2 


Less than 502 


8 17.8 


13 1J.9 


10 30.3 


40 33.: 


11 52.9 


19 32.2 


501 - m 


10 22.2 


13 ly 


10 30.3 




10 15.6 


19 32.2 


m 


27 m 


51 M.2 


13 M 




U 27.5 


21 35.6 


Total 


45 100.0 


77 100.0 


33 100.0 


0.0 


51 100.0 


59 100.0 



'J 



IF 



TABLE C'3?. mm mm-djmMvi 
mm EHPLoyEEs BY ssmm m 



Mi: 'linked 


1^2 

N : 


3^5 
H I 


J-10_ 
N Z 


11-20. 
N I 


21-^0_ 
H ! 


41-100 
N Z 


lONOO 
It 


401-3000 

H : 


Greater 

tbao 
3000 

s i- 




U 48.- 


^ 23.3 


: 15.5 


11 2S.2 


15 42.5 


n 35.4 


15 37.5 


16 24.6 


16 27.1 


5G - 


4 13/ 


2 40.0 


9 20.0 


10 23.6 


11 31.4 


12 25.0 


12 30.0 


15 23.1 


12 20.3 


loo: 


11 V. 


U 36.7 




IS 4;. 2 


9 25.7 


19 39.6 


13 32:5 


34 52.3 


31 52.5 


Tots; 


25 100. 


3010C.C 


43 100,9 


39 i00.0 


35 100.0 


43100.C 


40 100.0 


65 100.0 


59 100.0 
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C-38. SUITABILITY OF. EDUCATION AND TRAINING 
TO SOLAR WORK ACTIVITIES AS REPORTED 
BY EMPLOYEES , 1978 





Category 


Mean Percent of Time 
Spent in Category 
(N^7> 


Work requiring more 
education and training 


18.9 


Work well suited to level 
of education and training 


61.2 


Work requiring less education 
and training 19.9 



2fiO 
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iBER i mmm of respondent ehploiees hho felt tit theip, jobs 

REQUIRED SPECIAL SKILLS OR iWE, D i?HO COEETED FORM SOUR 
TRAINING PROGRAHS, BY PHASE OF SODLUORK, 1W8 



Phase of Soiar-M- 

^^esearch Marketing Installation Other 

. «Dd and and Conerciai 

.IJevelopient Wacturing. Distribution Maintenance Activities Other 

-N ; N ; N IN I I . I 

Special Skills or 

Knowledge Required 166 92.7 22 J5.9 m 23 88.5 21 91,3 ii9 89.1 



Foml Solar Training 52 28.J 4 13.3 15 31.3 12 46.2 14 S0.9 24436 £ 
Programs Completed 




UM c-mO. mm m percektace of RESPONOEirr EHPtoyEES m felt that their 

JOBS ItEQtliRED SPECIAL SKILLS OR KNOMLEOCE, AND UHO COHPUTED FORKAL 
SOUR TRAINING PROCRAHSjBY TTfPE OF SOUR ENERGY, 1978 



Typcjrf-Soltr-Enerff 

Industrial Ocean. 
Space HMtinj .Hater Process Tberial Ttienal Photovoltaic Wind Bloiass 
and Cooling Heating Heat - Power Conversion Conversion Conversion Conversion Other 
^ ^ N : H 2 ^ t - H I N Z INI H : 

Special Skills or 

KiiOvleJ);R Required 152 89.4 61 8M 10 50.9 16 94.1 13 92.9 37 92.5 12 85.7 7 lOO.D 14 82.4 
^nv' ^^oi, Training 

■ 75 43.9 26 37.1 2 18.Z 3 16.7 3 21.4 4 10.0 3 21.4 2 28.6 3 17.6 
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rnii C-M. NUHBEK AND PUCE OF nilENT EKFIO^EES i FELT mi THEIK JOBS I 
REQOlREfi SPECIAL SKILIS oimiBGE, AND «H0 WED FORMAL M 
m% mi^BI INDUSIRIAL CATEOT OF EMISW, M 




Other 

Eoglntering Services 

K iiauii|iv[uiioai niw^ciidK ... M and PutlllC 

Durable Coods Goods Comalcatloiis or Retail Educational Architectural Research Adolnl- 

Haoufacturlog Construction Kanufacturlng and Public Utilities Trade Services Services Services stratloo 

HI M : - -1-4 ^--i — II : N-: N I n : n : 



SptcialMlspr . 

lti>o«t# Required % 84.2 22 88.0 11 89.5 



26 52.9 16 80.0 % 91.5 « 8).8 61 93.3 28 96.6 



Formal Solar Training 

ProjraM Conpleted 21 23.5 ? 28,0 3 15.8 16 5U 13 65.0 24 40.0 11 55.1 26 39.4 13 44.8 



Collectors Prokts lEstallati Senices 

if i i if 12 



Senices Services 

n 12 



Special Sldlls or 
tolejje 

lequireJ 35 M 1\ 85,5 31 8W 115 11 • <5 85,1 51 88.5 



FonlSok 
IraiiliK Prop 

&)ipW iny 15 23,8 11 31.4 45 35,1 3no,8 35 55.^ 




c-46 



TABLE C-43. "8ILATI0NSHI? BETWEEN EMPLOYEES WHOSE JOBS 
SEQUIRE SPECIAL SKILLS AND KNOWLEDGE AND 
COMPLETION OF FORMAL SOLAR TRAINING PROGRAMS » 
1978 



Special Skills or 
Knowledge Required 



Formal Solar Training 
Programs Completed 


N 


Yes 

% 


N 


No 

% 


Yes 


164 


39.0 


13 


23.6 


No 


257 


61.0 


42 


76.4 


Total 


421 


100.0 


55 


100.0 



= 4.887, df = 1, p < .05 



TABLE C-44. 



SUBJECT MATTER, FREQUENCY ^ AND AVERAGE 
DURATION OF SOLAR TRAINING PROGRAMS AND 
COURSES AS REPORTED BY EMPLOYEES , 1978 



Nmnber of Training Average 
__ Programs or Duration 

Subjec^^tter Courses Taken _ - -±n Hours 



Solar energy, general I54 9 

Space heating and cooling 40 29*9 

Water heating 3 ^q'^ 

Industrial process heat 1 2.*0 

Thermal power 3 43*7 

Photovoltaic conversion 7 26 3 

Wind conversion 3 35*3 

Biomass conversion i 99^ 

Collectors 7 39 7 

Solar construction 5 g y 

Solar system design 27 • 23.*8 

Solar energy materials 1 50* 0 

Sales 4 ^7;3 

Management 2, * 

Economics 2 25 0 

Installat ion 2 12*0 

Physics 9 3Q*7 

Physical chemistry 1 43 

Biochemistry 2. 45*0 

Radiation 5 52*0 

Fluid isechanics 2 72*0 

Thermodynasiics/heat transfer 16 37.9 

Process engineering 1 45^0 

Boundary layer theory 1 ^5^0 

Microclimatology /building climatology 3 43.0 

Environmental engineering 2 34 . 5 

Computer aided design 1 ± 

Thermal processes H 23 2 

Meteorological area specializacion 1 50.0 

Atmospheric sciences 2 69 5 

Mathematics i 99^ 

Microcomputer simulation 1 * 



Dynamics of syst^s (controls) 1 43.0 

Energy management 3 3^0 

Solar distributor 1 20 0 

Energy analysis 1 jg'o 

Solar energy conversion £ 80.0 

Power plant design 2 99+ 

Other ii 31 8 

Unknown subject matter 16 6 7 



No hours given 
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^^"Sy manpower projections were based in part on data 

provided by both employer and e»ployii surveys. Two separate methods were 
used for forecasting R&D and coSercial solar energy ^npower needs. It 
is xn the development of the employment coefficients that the two forecasting 
methods differed. For R&D employment coefficients, R&D expenditures were 
defined as a measure of R&D output, and R&D funding was assumed to be equivalent 
to expenditures. The two words will therefore be used interchangeably in the 
following text. The R&D employment coefficients thus represent labor-hours* 
per dollar of R&D funding. The commercial coefficients were defined in terms 
of labor-hours per unit of installed solar energy equipment. Only th. solar 
space heating and cooling, water heating, and industrial process heat (IPH) 
techniques were assumed to produce significant commercial output since the 
MITRE forecasts (see below) projected a significant number of installations 
by 1985 for only these techniques. The methods for computing the R&D and 
commercial employment coefficients discussed below treat each type of solar 
energy separately. 

R&D ^mpxoymen^ Coefficients 

This section discusses the method used to derive the R&D coefficients 
and presents the numerical results. Two assumptions about R&D labor pro- 
ductivity are implicit in the TE^thod to derive the labor coefficients: 

• There is no productivity differential in R&D 
between large and small organizations. 

• R&D employee productivity stays constant over time. 

* The employment (manpower) coefficients utilize labor-hours rather than 
number of employees in order to adjust for part-time employees. The 
employment of part-time people is reported in labor-hours per year. These 
labor-hours are used to create the coefficients. To convert the number 
of labor-hours required to produce a given amount of output into full-time 
equivalent employees, the number of labor-hours is divided by the number 
of labor-hours worked in a year by a full-time employed person. This con- 
version procedure and its underlying assumptions will be elaborated below. 
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The procedure for deriving the coefficients is as follows: 

First, a method was developed to determine total R&D expenditure, 
since the total of R&D funding was not obtainable from the survey questionnaire 
because of industry disclosure problems • Question 10 of the employer survey 
questionnaire provided the percentage of funding received from each source 
of funding (Federal funding of R&D, other R&D funding, and coimercial activity 
funding, and other funding) for each type of solar energy. The "other funding* 
C£itegory was eliminated and the percentages normalized to sum to 100 percent 
for each respondent. A weighted sum over all respondents of solar energy 
funding percentages by source was then computed. The appropriate weights 
for this summation are the ratios of individual respondents' total receipts 
of funds from each source to the total funding from that source over all 
respondents. Since these dollar receipts were unknown, solar energy employment 
was used as a proxy for solar energy funding. (This implies the ai^sumption of 
no productivity differential between large and small organizations.) 
The summation equations are: 

%F. = Z. %F^. * (E^./Z. i:..) 
%0^ - %0^. * (E^^/E. Eij) 

and the resulting aggregate funding equation is 
%F^ + + = 100% 

where i « type of solar energy 
j * respondent 

%F * percept of solar activity funds coming from the 

Federal government for R&D purposes 
%0 = percent of solar activity funds coming from all 

other sources for R&D purposes 
%C * percent of solar activity funds going to commercial 

activities 
E * solar energy employment. 
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See Table D-1 for these percentages* 

The proportion represented of the total %F. + %0-. (call this 
proportion P. ~ see Table ^1) was applied to the dollL value of Federal 
solar energy funding obtained from the Federal government to estimate a 
total dollar funding of solar energy R&D for 1978: 



T. = F./P. 
1 1 i 



where 



T^ = total 1978 R&D dollar funding 
F^ = Federal R&D dollar funding 

= the proportion the Federal R&D funding is of 
total R&D funding. 
These results are presented in Table 

Next, the total number of R&D employment labor-hours for 1978 were 
calculated. The employee survey provided estimates the average employee 
labor-hours per week spent on solar energy R&D by primary type of solar energy 
(Table 25). These were averaged and multiplied by 50 to give the labor-hours 
per year (for 1978) for an individual employee. The labor-hburs per 
year was multiplied by the number of employees and the result divided by 
the 1978 solar energy R&D funding to create the coefficients showing the 
number of employment labor-hours per dollar of R&D funding: 

TLHR.. = (ALHR. * 50 * NER )/RD 
■^3. i i 

where 

i = type of solar energy 

TLHR^ = annual R&D employment labor-hours per dollar 
of R&D funds 

ALHR^ = average employee labor-hours per ijeek ipent on solar 
energy R&D 

NER^ = number of employees in solar R&D 
RD^ = total annual solar R&D funds. 

The coefficients are shown in Table D-4. These coefficients, though computed 
using the 1978 survey data, were assumed to remain constant over time (R&D 
productivity does not change over time). 



TABLE D-1. SOLAR ENERGY EXPENDITURE PERCENTAGES BY 

TYPE OF ACTIVITY AND SOURCE OF FUNDS, 1978 





%F 


%a 


%C 




R&D Expenditures 
Federally Financed 


R&D Expenditures 
Non— 

Federally Financed 


Solar Commercial 
Exp enditures 


Space Heating and Cooling, 
and Water Heating 


37.7 


16.7 


45.6 


Agriculture and IPH 


47.4 


13.1 


39.4 


Thermal Power 


68.7 


15.7 


15.6 


Ocean Thermal 


86.9 


9.6 


3.5 


Photovoltaics 


60.5 


12.6 


26.9 


Wind 


64.2 


23.1 


12.6 


Biomass 


67.5 


17.8 


14.7 
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TABLE D-2. PERCENTAGES OF SOLAR R&D FUNDING BY SOURCE, 1978 



Space Keating and Cooling 
and Water Heating 

Agriculture and IPH 

Ocean Thermal 

Photovoltaics 

Wind 

Biomass 



Federal % of 
R&D Funding 



100-P^ 



Non-Federal % of 
R&D Funding 



69 


31 


78 


22 


81 


19 


83 


i7 


74 


26 


79 


21 
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TABLE I>-3. 1978 SOLAR R&D FUNDING 





Federal 1978 
(Thousand 1978 $) 


1978 Federal 

r uuu as /o oi 
Solar R&D Total— 


Total 1978 
ooxar KccU r unaxng 
(Thousand 1978 $) 


Space Heating and Gooling 
and Water Heating 


99,365 


69 


144 007 


Agriculture and IPH 


10,632 


78 




Photo vol taics 


78,204 


83 


94,222 


Other: 


210,949 




261.213 


Thermal Power 


106,418 


81 


131,380 


Wind 


37,517 


74 


50,699 


Ocean Thermal 


36,802 


9b 


40,891 


Biomass 


30^^212 


79 


38,243 


Total 


399,150 




513,073 
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TABLE D-4. R&D EMPLOYMENT COEFFICIENTS 



Average Weekly Solar Annual Solar Number of Total 1978 Total 1978 Solar Annual Solar M 

R&D Hours Per R&D Hours Per Employees Solar R&D Hours R&D Funding tabor Hrs.7$ 
_ Employee, 1978 Eapleyee, 1978 -for 1978 * (Thousands) (Thousand 1978 $) of R&D Fundinf^ 



Space Heating and 
looiing and water 
Heating 


29.2 


1460 


6,800 


9,928 


144,007 


.06894 


Agriculture and 

TDU 

Irn 


26.6 


1330 


200 


266 


13,631 


.01951 


rnocovoitaics 


32.3 


1615 


2,700 


4,360.5 


9,422 


.04628 


Other: 


lU 


1310 


2,800 


3,668 


261,213 


.01404 


Thermal Power 


35.1 


17?5 


600 


1,053 


131,380 


.00801 


Wind 


21.2 


1060 


1,000 


1,060 


50,699 


.02091 


Ocean 


22.4 


1120 


400 


4/.8 


40,891 


.01096 


Biomass 


19.2 


960 


800 


768 


38,243 


.02008 


Total 






12,500 


18,222.5 


513,073 





Includes allocation of solar employees where the primary type of solar energy was "Missing" or "Other". 
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In order to determine future labor needs in solar R&D, total R&D 
financing had to be forecasted. One way of doing this is to forecast the 
federal component, and determine the trend for the proportion of R&D funding 
financed by the Federal government. Federal involvement in R&D activities 
for a new industry follows a distinct pattern i^ich can be related to the 
commercial maturity of the industry. The patteri formed by the proportion 
of R&D funding which is federally supported traces a descending S-shaped 
(ogive) curve, with the point of inflection occurring at about 65-70% federal 
involvement in R&D financing: 



100% 



Percent 
Federal 
Financing 
of R&D 



65-70% 



5-10% 




Time 



Above the c3-7G% level, the federal government is heavily involved in the 
financing of R&D activities, ia large part because these activities cannot 
yet justify themselves economically. Federal involvement slowly drops off 
as the activity gradually enters ♦:he commercialization sr.age and increases 
economic inducements within the private sector. When the activity reaches 
the stage of economic feasibility, usually after federal involvement in 
financing has reached the 65-70% level, federal support drops off dramatically. 
This judgmental conclusion is based on observations of trends in commercialized 
forms of solar energy. 
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Batteiie has forecasted that Federal solar R&D funding will reach 
close to SI billion (about $950 million) in 1979 dollars by 1983 (Figure 2, and 
Table D-5). In the 1978 constant doilafs used in this study, this is approxi- 
mately $880 iiliion. These forecasts were based on Department of Energy 
historical data on total isderal expenditures for solar R&D by type of 
solar energy for 1975-1979 and preliminary projections for 1980. These 
past, current, and projected Federal R&D expenditures were deflated to con- 
stant dollars using the R&D deflator series developed at Batteiie for its 
annual R&D expenditure forecasts.* This series has been rebased so that the 
deflator for 1978 equals 100. The forecasting method was a combination of 
graphic and judgemental methods. Forecasts of funding for some of the types 
were purely judgemental. Others were graphic extrapolations of past data 
(see Figure 2) . 

The data on Federal funding of solar energy R&D by type of solar 
energy were supplied by DOE and included funding by other Federal agen- 
cies. Funding data reported by the National Science Foundation (NSF)** 
were only for DOE, and did not break solar funding down by type of solar 
energy. The NSF solar totals for 1977, 1978 and 1979 are lower than those 
shown in Table D-5, but do not include solar funding by other agencies. 
Farther, the NSF figures for 1978 and 1979 were only estimated levels. 
The recommended funding was raised by Congress, and final action was still 
pending at the end of 1978 when the NSF report was prepared. The 1979 
DOE solar obligations were considerably higher than estimated in the NSF 
report. Recent data provided by NSF*** indicate that the 1980 DOE solar 
budget is about 652 million dollars, which is within 2 percent of the 
640 million dollars used in Table D-5. 



xlhle f P^°^J'/^^^^l°P-d by Dr. W. Haider Fisher, are published as 
In 1979- / ' i P^°bable Levels of ^D Exaanditur.. 

^n 1979. Forecast and -Anaj gsis (Columbus: Batteiie Columbus 

Laboratories, December 19/8), p. 14. 

** National Science Foundation. An Analysis o^ederal R&D Funding by 
Function. Jisea^Years 1969-19/9 . n.^f 7«-79n ^T., -,^^^,^ - 
Foundation, Washington, D.C., 1978, p. 24. 

. F°""dation. Sciaiu^ Resources Studies Hip h-hf^hr.: 

NSF 79-319. National Science Foundation, Washington, D.C 

November 16, 1979, p. 3. o , . 
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FIGURE 2. FORECAST OF FEDERAL SOLAR R&D FUNDING BY TYPE OF SOLAR ENERGY- 
BASED ON 1979 DATA 




jm D-5. FEDERAL FUNDING OF SOLAR ENERGY RSD 
BY YEAR AND TYPE OF SOL\R ENERGY 





(Oct.-Sept.) 

19/5 


(Oct.-Sept.) 

1976 1977 


1978 


1979 


1980 


Forecast 
1983 


Space and Water Heating 

MM J ^Mm1 • 

ana Cooling 


20,176 


40,825 


(Thousands Current $) 
91,414 99,365 


101,018 


100,000 




Agriculture and IPH 


1,588 


4,637 


2,207 


10,632 


11,601 


55,000 




bolar tiec, : inennal Power 


10,315 


21,509 


82,169 


106,418 


102,763 


141,000 




Photovoltaics 


11,196 


23,900 


62,016 


78,204 


121,960 


< P A AAA 

158,000 




Wind 


■ 7,312 


15,875 


22,750 


37,517 


62,515 


77,000 




Ocean Thennal 


3,055 


7,174 


14,751 


36,802 


39,216 


42,000 




Bioiass 


2,063 


5,938 


21,793 


-3C,2U 


-55^9 


- 67,000 




Total 








399,150 


494,582 


640,000 


953,000 








(Thousands 1978 $) 






c 
1 


Space and Water Heating 
and Cooling 


0/ 070 

24,8/0 


47,251 


99,072 


99,365 


93,631 


92,687 


"S A A AAA 

120,000 


Agriculture and IPH 


1 flCO 


5,367 


8,895 


10,632 


10,753 


50,978 


65,000 


Solar Elec: Tfiemial Power 




24,895 


89,053 


106,418 


95,248 


130,689 


4 A A AAA 

192,000 


Photovoltaics 


13,805 


27,662 


67,211 


78,204 


113,041 


146,445 


A A / AAA 

236,000 


Wind 


9,016 


18,374 


24,656 


37,517 


57,943 


71,369 


100,000 


Ocean Thermal 


3,767 


8,303 


15,95/ 


36,302 


36,348 


38,929 


66,000 


Biomass 


2,470 


6,873 


23,619 


30,212 


51,450 


AM 


104,000 


Total 


68,613 


138,725 


328,493 


399,150 


458,414 


391,19" 


883,000 



a 1980 forecasted DOE budget onlv, in 1979 dollars. 

b Cut from original funding level request (including support services) of $153 niilliou. 
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Battelle also projected the trend of federal .olar R&D support 
as a proportion of total solar m support, reproduced in T.ble D-6 

The last year of 100% federal R&D support for each solar energy 
type was estimated to be as follows: 

Space Heating & Cooling and 

Water Heating i97Q 

Agriculture and IPH 

Thermal Power ^^^q 
Ocean Thermal ^gy^ 
Photovoitaics ^^^q 
Wind 

1970 (90%) 
1973 (90%). 

The 1978 percentages of federal support are reproduced in Table D-2 refer«-nced 
above. Both space heating and cooling and water heating were assumed to ^ 
have reached the inflection point on the above S-shaped curve by 1978 (the 
inflection point represents 65-70% federal support). Agriculture and IPH 
wxll reach this point by 1980; thermal power, by 1983. All oth.r solar types 
wxll stxll be above this point bv 1983. The S-shaped curve was fit to the 
above data for each solar type, and the 1981 and 1983 federal funding percen- 
tages extrapolated along it. 

^^"'^ °f federal solar R&D funding, plus the projections 

or the federal support proportion of the total solar R&D funding were used 
to determine the total amount of future solar R&D funding. The R&D employ- 
ment coefficients (Which remain constant over time since R&D productivity 
xs assumed not to change) were applied to the projected total R&D funding 
levels to Obtain th. forecasts of solar energy R&D labor needs in terms of 
full-time equivalent employees (assuming a work-year of 2000 labor-hours) 
Table D-7 Shows these labor projections. Finally, thes. employment projections 
were broken down by occupational category, using the occupational distributions 
of R&D employment from Table 17. These results are reported in Table D-8 
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TABLE D^6. PROJECTED SOLAR R&D FUNDING 





Federal 
. Funding 
(Millions $) 


Percent 
Federal 
Funding 


Total 
Funding 
(Millions 1978 $) 






1981 




Space Heating and Cooling 
and Water Heating 


102 


58 


i76 


Agriculture and IPH 


56 


64 


88 


Photovoltaics 


176 


75 


235 


Other: 


356 




49X 








210 


Wind 


81 


66 


123 


Ocean Thermal 


48 


83 


58 


Biomass 


76 


72 


106 


Total 


690 


1983 


996 


Space Heating and Cooling 
and Water Heating 


120 


51 


240 


Agriculture and IPH 


65 


55 


118 


Photovoltaics 


236 


69 


342 


Other: 


462 




699 


Thermal Power 


192 


65 


295 


Wind 


100 


61 


164 


Ocean Thermal 


66 


78 


85 


Biomass 


104 


67 


155 


Total 


883 
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TABLE D-7. PROJECTED SOLAR R&D EMPLCYMEJJT REQUIRH^NTS 



Annual Solar R&D Projected Solar Projected Soiar Projected PTE 
Labor Hrs. /Dollar R&D Funding R&D Labor Hrs. Employees 
of ^ F un44ng (Millions 1978 $) (Thoas. Hours) (Xhousandsj- 



Space Heating and 
Cooling and Water 
Heating 

Agriculture and 
IPH 

Photovoltaics 

Other 

Total 



Space Heating and 
Cooling and Water 
Heating 

Agriculture and 
IPH 

actovoltaics 
Other 
Total 



.06894 

-01951 
-04628 



.06894 

.01951 
.04628 
.01404 



1981 



176 

88 
235 

-497 



996 



1983 



240 

118 
342 
699 



12,133 

1,717 
10,876 

6,978 
31,704 



1,399 



16,546 

2,302 
15,828 

9,81^^ 
44,490 



6.1 



.9 



3.5 



15.9 



8.3 

1.2 
7.9 
4.9 
22.3 
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TABLE D-S. 


OCCUPATIONAL DISTRIBUTION FOR PROJECTED 
R&D EMPLOYMENT (THOUSANDS OF FULL-TIME 
EQUIVALENT EMPLOYEES) 


SOLAR 






Space Heating 
and eooiing Pius 
Water Heating 


.. 

Agriculture and 
industrial 
Process Heat 


Photovoltaics 


Other 






J. 70 J. 






Employment 


6.1 


.9 


5. A 


3.5 


Engineers 


2.5 


.4 


2.2 


1.4 


D CI Gn L. 1 s u s 


.8 


.1 


7 


.5 


Other Professionalis 


o 


i 


.8 


;5 


Technicians 


• y 


1 

• ± 


.8 


.5 


Skilled Crafts and 
Operatives 


;4 


.i 




,2 


Clerica? and Un- 
skilled Workers 


.6 


.1 

1983 


.5 


.3 


lOLax irrojcCucu rm 
Employment 


8.3 


1.2 






Engineers 


3.4 


.4 


3.2 


2.C 


OCX. cn u. i s u. o 


1.1 


.2 


i. 1 


.7 


Other Professionals 


1.2 


,2 


1.1 


.7 


Technicians 


1.2 


.2 


1.1 


;7 


Skilled Crafts and 
Operatives 


.6 


.1 


.6 


.3 


Clerical and Un- 
skilled Workers 


.8 


.1 


.7 


.5 
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Coamercial Employment Coeff-icients 



The commercial analysis involved only the actual solar system - 
collectSr 5r concentrator ^ itself, not any 5f the ancillary components.* 
The respondents variid as to whether they manufactured in-house some or 
ail of the basic components of the actual system. The problems this variation 
incurred will be touched on below in the discussion of the results. Only 
the direct labor involved in production and installation of the system was 
considered. For swimming pools, the average panel size was 40 square feet; 
for space heating and cooling and domestic hot water, the size range was 
15-20 square feet. A typical concentrator module ranged from 480-660 
square feet. 

The employer and employee surveys did not provide all the informa- 
tion necessary to compute the commercial manpower coefficients for space 
heating and cooling, water heating, and industrial process heat (IPH) , 
because businesses consider the needed sales data to be proprietary infor- 
mation. Therefore, as an alternative procedure, Battelle surveyed a selected 
small sample of companies (3 for water heating, including swimming pool 
heaters, 3 for space heating and cooling, and 3 for IPH) involved in all 
aspects of commercial solar activity to determine present levels of and 
future changes in employment labor-hours requirements per unit of output. 
The survey respondents requested that their company names not be disclosed 
in order to protect proprietary production information. In fact, other 
companies refused to respond, citing their fear of disclosure of such infor- 
mation, which could quickly lead to a loss of competitive position in an 
infant industry such as the solar energy industry. 

Battelle also solicited information on employment requirements 
and future productivity changes from its own solar energy engineers. In 
addition, installation labor requirements for space heating and cooling 
and domestic hot water heating were available froi Building^Constructioa 
Cost Data, 1978, Robert Snow Means Co., Duxbury, 1978, pp. xi, xii, 234, and 
345. Estimates of manufacturing and installation labor requirements for new 



* The one exception is for domestic hot water heating systems, the in- 
stallation of which includes installation of a storage tank. 
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installations were also obtained from reports of the Solar Energy Research 
Institute (SERI).* The information from industry and Battelle sources was 
used to determine the employment coefficients representing labor-hcurs per 
square foot of collector surface for each commercial solar industry, and 
projections of how these coefficients will change in five years. 

The labor-hours/square foot requirements specified by tne indivi- 
dual respondents were averaged together. Table r)-9 gives the 197S labor 
coefficients for collectors and concentrators. These requirements were for 
low and medium temperature flat plate collectors and parabolic trough concen- 
trators. Information on non-tracking, evacuated tube concentrators was not 
provided, since they are so new that no respondents cculc be found who were 
willing to disclose any production information. The proportions of various 
types of collectors and concentrators used for swimming pool heating, 
domestic hot water heating, and space heating and cooling were obtained from 
Solar Collector Manufacturing Activity ,-j4jly 1977 Through June- 1978 , U.S. 
Department of Energy, Energy Information Administration, February 1979, p. 12, 
Table 5: 1978 January through June. Evacuated tube concentrators are includea 
in this table and were considered to have the same labor requirements as 
parabolic trough concentrators. The proportions of collectors and concentrators 
used for industrial process heat came from Battelle solar engineers, since this 
category was not separately identified in the DOE table. 

The proportions used were: 

Low Temperature Medium Temperature 

Collectors Collectors Concentr-ators 

Swimming Pool 94% 6% 

Domestic Hot Water 6% 91% 3% 

Space Heating and Cooling 5% 81% 15% 

IPH ~ 15% 85?: 



*Masoni_ Bert. Labor, Manpower and Training Requirements . SERI/PR-53-073 , 
Solar Energy Research Institute, Golden, Colorado, September 1978. 
Tables 1 and 3. 

Mason, B., Ferris, G., and Burns, B. Solar Energy Commercialization an d 
the Labor Market . SERI/TP^53-123, Solar Energy Research institute, Golden, 
Colorado, December 1978. Table 2. 
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-9: 19 78 COMMERCIAL DIRECT LABOR REQUIRE>fENTS BY 
TYPP: of COLLECTOR/CONCENTRATOR (LABOR-HOURS/ 

SiU'ARE FCXIT) 



Low Medium 

renperature Temperature 

Coiigctor Collector Concentrator 

.025 .15 .33 

>Q55 ,65 _2-2 

-086 ,80 .55 



p 0 . 





tic hot water heating and space heating and c^olMgWl 
iinents were averaged together, since sales projections for these two 
solar energy end uses were not available separately. The weights were 
based on sales market share projections obtained from the Solar Energy 
Industries Association (SEIA) , The Solar Future-1978 . Tables 3 and 5. 
These are: 



1978 



1981 



1983 



35.1% 
64.9% 



Domestic Hot Water 24.6% 27.6% 

Space Heating & Cooling 75.4% 72.4% 

Finally, productivity changes were anticipated by both our respon- 
dents and Battelle engineers in production, though not in installation. These 
changes are: 

Low temperature collectors: no change 

Medium temperature collectors: 30% reduction in labor 

Concentrators: 50% reduction in labor. 
Table D-10 gives current and projected labor coefficients by solar end-use as 
obtained using the above proportions of collection and concentrator applica- 
tions. 1981 values were obtained through linear interpolation. As stated 
above, installation for domestic hot water heating includes installation of 
a storage tank. Installation of a concentrator includes site work as well as 
the actual equipment installation. Again, these coefficients represent 
direct labor only for production and installation. Table D-11 displays 
the Battelle current labor coefficients along with their SERI report counter- 
parts for new systems from SERI Tables 1 and 3. Problems with these coeffi- 
cients will be discussed in the next section. 

Projections of commercial solar equipment sales for domestic hot 
water heating plus space heating and cooling, and industrial process heat 



* The sales associated here with space heating and cooling actually involve 
systems which include domestic hot water heating; But these were considered 
appropriate as indications of the market share of space heating and cooling. 
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90 ? 

^ \J 



Production 

Installation 

Total 



Production 

Installation 

Total 



Production 
Installat ion 
Total 



Product ion 
Installation 
To tal 



Production 
Installat ion 
Total 



' SUimming Pool Heatins 



.03 
.09 
,12 



.03 
■ 09 
.12 



.03 
.09 
.12 



,15 



,97 



Domestic Hot Water 



.13 
.82 

.95 



.11 
_^82 
.'.'3 



Spaae-Jjeatiftg and Cooling 

-17 .14 
^0 .60 
-77 .74 



.12 

.6-0 



Domestic Hot Water and-Jpace tieat ing and Cooling ^ 



,15 
,92 



.13 
.77 
.90 



.11 
.77 



.30 
.28 
.58 



Industrial Process -H^at 

.22 
.28 



,50 



.18 
.28 
.46 



* These coefficients are an average of domestic hot water and space heating 
and cooling weighted by market shares (see text). 
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Product ion 
Inscaiiat ion 



Produc c ion 
InsCallat icn 



Bat telle 



.15 

,82 



.15, 
,77 



SERI 



Mitre 



Public Policy 

Ce^vt^r 



,27 

,79 



Doffl g s-t-4^— Ho t Wa t e r 

.28 
.60 



.80 



Domesl ic Hot. Water and Space He-a-Clri-i^ 



.27 
.89 



.48 
1.07 



,15 

,32 



Navarr i 
C olle ge^"^ 



8f) 



* Battelle's coefficients represent Domestic Hot Water, Space Heating and Cooling. 
Average of four data collection ,7iethods. 
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collcvnc^r surface, i:s; 



trie :>erc<L-n 



■ 'P^- rat i\'fS ca Lc ^c r : ■ r . 
p r.^ i ec ted 1 abcr rep;: : r^r ■ 

a : J i:p : . a : l :i ! r a i r v*" 
. ^ ■ ■ c a 1 r c a r s ^.^ a : . b v t ■ . ■ ■ ^ r 



Cipe ra C i ves c a t e i;-'^ r v ra tin- cjc -..pa t i ."':>aa : d i t r ihu i: i >ai : a r soiar ^-t 
e:T;p 1 o vrr^ea : (Taalc 17;. Ti^ca :ais repeal vas brakt-a davai into its 
cK" c una. : ioaai 1 ca t e^:;or i t'S ^ bast'd aa ta.L* a.ssar.ptioa ti^a: tht* sarv[-^\'- 
carrm^-rc i a 1 /up.uiaaal d i s t r i ba : i c^a vaald renaia coast aat :b>!- 
vt'irs. Tiiese coniT:«.*T'c i a 1 sob'^r baiar r^^^u i rara-ai s ."irL' arL'Sratcd : 
n-13 aad 



Tabu* D- 1 5 presents r::e projected caanpes :a sal;ir Ri.!' er:plaariea: 
tor different types of salar onL-r'^\', Th^j ta'r^'. e conbiaes aad carnp.ires dat:: 
presented in Tables and D~7. Full t i~e equivalent R^D e^ip I o\aT:eat is. 

projected to increase fror: °,111 in 1 978 to lv, 352 in 1981, a eaia i a' 7-'. 
percent. "Full-tine equivaieat R>LD enplovr^ent is further prc^U-ctcd i^- incr^-asf 
to 22,24^ in 19S'3, a gain of l-^-^ percent over 197o. 



^ Benniagcon, r; . , et al., Soiar Energy, A /^oj^a j Anj\y^f,_ in y 
Mitre T^cimical Report -MTR-7579, March 197S, under .on ract with KKDA, 
Division of Solar Enerpy. 
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Lastly, these studies do not, and in fact can not, anticipate 
both changing production techniques and th. resultiHg changes in occupational 
requirements over-ti.e. Only a thorough engineering study can overcome the 
above deficiencies in the estimation techniques that have been used 
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